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Preface

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the nation’s
land, air, and water resources. Under a mandate of environmental laws, the Agency strives to formulate
and implement actions leading to a balance between human activities and the ability of ecosystems to
support and sustain life. To meet this mandate, the Office of Wastewater Management (OWM) provides
information and technical support to help solve environmental problems today and to build the
knowledge base necessary to protect public health and the environment well into the future. This
document was prepared under contract to EPA, by The Cadmus Group. The document provides
information on current state-of-development as of the publication date; however, it is expected that
this document will be revised periodically to reflect advances in this rapidly evolving area. Except as
noted, information, interviews, and data development were conducted by the contractor. While there
are many proven, cost-effective energy conservation practices and numerous new technologies or
modifications of existing technologies available for detailed study, the case studies in this document
were selected on the basis of specific criteria. The criteria included the ability to provide as least one
year of full-scale operating and performance data, capability of providing detailed capital, operations,
and maintenance cost breakdowns, and the ability to provide the data within the time frame established
for completing the document. It is anticipated that as the document is updated, additional case studies
on new technologies could be included.

Disclaimer

This information represents new, innovative or emerging approaches, techniques, or technologies that
may assist utility owners and operators reduce the capital or operating costs of wastewater treatment.
Some of the information, especially related to emerging technologies, was provided by the
manufacturer or vendor of the equipment or technology, and could not be verified or supported by a
full-scale case study. In some cases, cost data were based on estimated savings without actual field
data. When evaluating technologies, estimated costs, and stated performance, efforts should be made
by the reader to collect current and more up-to-date information.

The mention of trade names, specific vendors, or products does not represent an actual or presumed
endorsement, preference, or acceptance by EPA or the federal government. Stated results, conclusions,
usage, or practices contained herein may be different depending on specific site conditions and do not
necessarily represent the views or policies of EPA.

This document has been reviewed in accordance with EPA’s peer and administrative review policies and
approved for publication
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Acronyms and Abbreviations

ACEEE American Council for an Energy Efficient Economy
APPA American Public Power Association

ASCE American Society of Civil Engineers

ASE Alliance to Save Energy

AWWA American Water Works Association

BEP Best Efficiency Point

bhp Brake Horsepower

BNR Biological Nutrient Removal

BOD Biochemical Oxygen Demand

CCCsD Central Contra Costa Sanitary District

CEC California Energy Commission

CEE Consortium for Energy Efficiency

CFO Cost Flow Opportunity

CHP Combined Heat and Power

DCS Distributed Control System

DO Dissolved Oxygen

DOE Department of Energy

DSIRE Database of State Incentives for Renewables and Efficiency
ECM Energy Conservation Measure

EPACT Energy Policy Act

EPC Energy Performance Contracting

EPRI Electric Power Research Institute

ESCO Energy Services Company

GBMSD Green Bay (Wisconsin) Metropolitan Sewerage District
gpm Gallons per minute

hp Horsepower

(&I Inflow and infiltration

IOA International Ozone Association

IUVA International Ultraviolet Association

kw Kilowatt

kWh Kilowatt hour

LPHO Low Pressure High Output

MBR Membrane Bioreactor

mg Million Gallons

mgd Million Gallons per Day

MLE Modified Ludzack-Ettinger process

MPN Most Probable Number

NAESCO National Association of Energy Service Companies
NEMA National Electrical Manufacturers Association
NYSERDA New York State Research and Development Authority
PG&E Pacific Gas and Electric

PLC Programmable Logic Controller

PSAT Pump System Assessment Tool

psi Pounds per Square Inch

psig Pounds per Square Inch Gauge
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rpm
SRT

TDH

TSS

TVA

uv

UVT

VFD

W

WEF
WEFTEC
WERF
WMARSS
WPCP
WRF
WSU
WWTP

Revolutions per Minute

Solids Residence Time

Total Dynamic Head

Total Suspended Solids

Tennessee Valley Authority

Ultraviolet Light

UV transmittance

Variable Frequency Drive

Watt

Water Environment Federation

Water Environment Federation Technical Exhibition and Conference
Water Environment Research Foundation

Waco Metropolitan Area Regional Sewer System
Water Pollution Control Plant

Water Research Foundation

Washington State University

Wastewater Treatment Plant
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1. Introduction

Chapter 1 covers:

1.1 Background

1.2 Purpose and Audience

13 Report Organization

1.4 Summary of Innovative and Emerging ECMs
1.5 References

1.1 Background

Providing reliable wastewater services and safe drinking water is a highly energy-intensive
activity in the United States. A report prepared for the Electric Power Research Institute (EPRI) in 1996
estimated that by the end of that year, the energy demand for the water and wastewater industry
would be approximately 75 billion kilowatt hours (kWh) per year, or about 3 percent of the electricity
consumed in the U.S. (Burton 1996). The Consortium for Energy Efficiency (CEE) now estimates the
annual energy usage at approximately 100 billion kWh per year (Burton 1996, extrapolated by CEE). At
an average energy cost of $0.075 per kWh, the cost for providing safe drinking water and providing
effective wastewater treatment is approximately $7.5 billion per year.

Energy is used throughout the wastewater treatment process; however, pumping and aeration
operations are typically the largest energy users (see Figure 1-1 for a typical energy use profile for a
medium sized wastewater treatment plant). Energy costs in the wastewater industry are rising due to
many factors, including:

e Implementation of more stringent effluent requirements, including enhanced removal of
nutrients and other emerging contaminants of concern that may, in some cases, lead to the use
of more energy intensive technologies.

e Enhanced treatment of biosolids including drying/pelletizing.

e Aging wastewater collection systems that result in additional inflow and infiltration, leading to
higher pumping and treatment costs.

e Increase in electricity rates.

As a consequence of these rising costs, many wastewater facilities have developed energy management
strategies and implemented energy conservation measures (ECMs). Using the figures provided earlier in
this section, improving the energy efficiency of America's drinking water and wastewater systems by 10
percent could save more than 10 billion kWh each year, representing a cost savings of approximately
$750 million annually.
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Figure 1-1. Typical Energy Use Profile for 10-mgd Secondary Treatment Processes.

Source: WEF 2009, Figure 7.1. Used with permission.

Note: energy use for various treatment processes will vary greatly from plant to plant. Advanced treatment
processes may require more energy than conventional treatment processes and may not be represented in this
figure.

1.2 Purpose and Audience

The purpose of this report is to encourage the implementation of ECMs at publicly owned
treatment works (POTWs) by providing accurate performance and cost/benefit information for such
projects. The report’s focus is mainly on energy efficient equipment replacement, operational
modifications, and process control enhancements that lead to improved energy efficiency and cost
savings with reasonable payback periods (10 years or less). The scope of the report does not include
cogeneration technologies (also known as combined heat and power, or CHP) or alternative/renewable
energy technologies, as the information on these topics is being developed by EPA under separate
projects. The main audiences for this report are POTW managers, owners, and operators who may be
considering the implementation of ECMs and states or other agencies who may be interested in
supporting such projects.

This report includes summary information on conventional ECMs that are in use in the U.S. and
have a strong track record of success with respect to energy conservation; however, the focus is
identification of innovative and emerging ECMs. For the purposes of this document, innovative and
emerging are defined as follows:

e Innovative: technologies that may be established overseas and have either been tested in the
U.S. as a full-scale demonstration project or installed at a U.S. wastewater treatment plant
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(WWTP) for at least one year but not more than 5 years. For a technology that meets the above
criteria to be considered innovative rather than emerging, independent test data showing
energy savings must be presented in the literature or documented in this report in one of the
facility case studies. Innovative technologies include modifications and new applications for
established technologies.

o Emerging: technologies in the development or testing stage in the U.S. and that show potential
for energy savings and relatively short payback periods, but for which independent full-scale
demonstration or operating data are not yet available.

See Section 1.4 for a summary of innovative and emerging ECMs identified in this report.

This report builds upon an extensive literature review of the effectiveness and costs of ECMs for
municipal wastewater treatment and solids processing. Additionally, a panel of technical experts
provided input on the implementation of various ECMs. Detailed facility assessments of nine wastewater
treatment facilities are provided, including detailed information on ECM implementation, energy
savings, and cost data.

13 Report Organization
The report is organized into nine chapters and two appendices as follows:

e Chapter 1, Introduction, presents background, purpose, audience, and organization for the
report.

e Chapter 2, Recommended Approach to Energy Management, presents a comprehensive
approach to energy management at a wastewater treatment utility, including developing an
energy management program. It lists available tools and financing resources that can help
utilities implement their programs. It also lists other ECMs that should be considered by
wastewater utilities but are not the focus of this report.

e Chapter 3, Energy Conservation Measures for Pumping Systems provides an overview of
conventional ECMs related to pumping design, variable frequency drives (VFDs), and motors and
refers the reader to industry standards and web links for additional guidance.

e Chapter 4, Design and Control of Aeration Systems, provides detailed information on ECMs
related to the design of aeration systems and automated aeration control, including
conventional control based on dissolved oxygen (DO) measurements and emerging control
strategies. Innovative and emerging technologies for automated control of biological nitrogen
removal are also discussed.

e Chapter 5, Blower and Diffuser Technology for Aeration Systems, describes innovative ECMs
related to blower and diffuser equipment. It includes a summary of various blower types such as
single-stage centrifugal, high-speed turbo, and screw compressors in addition to new diffuser
technology.

e Chapter 6, Innovative and Emerging Energy Conservation Measures for Selected Treatment
Processes, provides a discussion of ECMs for advanced technologies (UV disinfection,

Evaluation of Energy Conservation Measures 1-3 September 2010



1.4

membranes, and anoxic zone mixing) and presents full-scale plant test results where available.
For ECMs that are technically feasible and promising for the industry but where operating data
are not available, manufacturer’s information is provided.

Chapter 7 — Energy Conservation Measures for Solids Processing, describes innovative EMS for
digestion, incineration, and thermal drying and provides supporting data from case histories.

Chapter 8, Summary of Facility Case Studies, describes the approach used to select the nine
facility case studies and summarizes case study findings in narrative form and in summary
tables.

Appendix A, Facility Case Studies, contains detailed information and results from nine facility
case studies.

Appendix B, Web Resources, provides resources for further information. Categories of web
resources include books available from online retailers; government publications through U.S.
Department of Energy (DOE) and U.S. Environmental Protection Agency (EPA); information
available from nonprofit organizations, state programs, Water Environment Research
Foundation (WERF) and Water Research Foundation (WaterRF); and online journals and
conference proceedings.

Summary of Innovative and Emerging ECMs

Table 1-1 lists the innovative and emerging ECMs identified in this report and references the

specific report section for more information. As stated in Section 1.2, independent demonstration or
full-scale operating data documenting energy savings are required for a new technology to be
considered “innovative;” otherwise, it was classified as “emerging” in this report. Note that this report
describes many other conventional ECMs that can achieve significant energy savings.
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Table 1-1. Innovative and Emerging ECMs

Chapter

ECM Name

ECM Categorization
and Report Section

4 — Design and Control
of Aeration Systems

Intermittent Aeration

Emerging —4.2.1

Dual Impeller Aerator (mechanical mixing)

Emerging —4.2.2

Integrated air flow control

Innovative —4.3.1

Automated SRT/DO Control

Innovative — 4.3.1

Respirometry for aeration control

Emerging —4.3.2

Critical oxygen point control

Emerging —4.3.2

Off-gas monitoring and control

Emerging —4.3.2

Online monitoring and control of nitrification Emerging —4.4
using nicotinamide adenine dinucleotide (NADH)

(Symbio® process)

Bioprocess Intelligent Optimization System (BIOS) | Emerging — 4.4

5- Blower and Diffuser
Technology for
Aeration Systems

High-speed gearless (Turbo) blowers

Innovative — 5.2

Single-stage centrifugal blowers with inlet guide
vanes and variable diffuser vanes

Innovative — 5.3

Ultra-fine bubble diffusers

Emerging —5.4

New diffuser cleaning technology

Emerging — 5.5

6 — Innovative and
Emerging Energy
Conservation Measures
for Selected Treatment
Processes

Low-pressure high-output lamps for UV
disinfection

Emerging —6.2.1

Automated channel routing for UV disinfection

Emerging —6.2.2

Membrane air scour alternatives

Emerging — 6.3

Hyperbolic mixers

Innovative — 6.4.1

Pulsed Large Bubble Mixing (e.g., Bio"'x)

Innovative — 6.4.2

7 —Energy Conservation
Measures for Solids

Vertical linear motion mixer

Innovative — 7.2

Upgrading multiple hearth furnaces to

Innovative — 7.3

Processing incorporate waste heat recovery/combustion air

pre-heating

Solar drying Emerging— 7.4
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2. Recommended Approach to Energy Management

Chapter 2 covers:
2.1 Introduction
2.2 Recommended Approach
2.3 Tools for Energy Management
2.4 Financing Resources
2.5 Other ECMs and Resources
2.6 References

2.1 Introduction

Equipment upgrades and operational modifications to reduce energy use should not be one-
time events, but should be incorporated into a comprehensive energy review and management strategy.
Section 2.2 presents EPA’s recommended approach to energy management for wastewater utilities. On-
line tools and financing resources are available to utilities interested in developing an energy
management strategy and are described in Sections 2.3 and 2.4 respectively.

As explained in Chapter 1, the scope of this document is energy conservation measures (ECMs)
related to equipment upgrades and operations strategies, with a focus on innovative and emerging
technologies. These are only a subset, however, of the ECMs available to wastewater utilities. Section
2.5 lists other types of ECMs (mainly conventional) and provides references for additional information.

2.2 Recommended Approach

To optimize energy savings at a wastewater treatment plant (WWTP) now and in the future,
ECMs should be evaluated and implemented as part of a comprehensive energy management program.
In order to assist utilities in developing such a program, the EPA Office of Wastewater Management
developed a guidebook entitled Ensuring a Sustainable Future: An Energy Management Guidebook for
Wastewater and Water Utilities (USEPA, 2008a)
http://www.epa.gov/waterinfrastructure/pdfs/guidebook si_energymanagement.pdf, which notes that:

More and more utilities are realizing that a systematic approach for managing the full range of
energy challenges they face is the best way to ensure that these issues are addressed on an
ongoing basis in order to reduce climate impacts, save money, and remain sustainable (EPA
2008, p. 3).

This EPA guidebook recommends the plan-do-check-act management system approach for energy
conservation and management as shown in Figure 2.1. This basic approach is applicable to all utility
operations and not solely to energy management activities. However, the approach has been expanded
and tailored to water and wastewater utilities in a simple 9-step approach shown in the text box
following Figure 2.1. These key steps for success are based on experience of water and wastewater
utilities that have gone through the process of identifying and implementing ECMs. Note that in the 9-
step approach, identifying ECMs does not come into play until Step 6, Devise a Plan.
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Act Plan

Check Do

Figure 2-1. Steps in the Plan-Do-Check-Act Management Systems Approach
Source: USEPA 2008b
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Recommended 9-Step Approach to Energy Management

1. Create an Energy Sustainability Team. Identify an energy program management team with
responsibility for implementing the improvement program from start to finish. Create a core
team with representatives from all aspects of operations, maintenance and management.
Consider appointing an Energy Manager whose only responsibility is energy conservation (and
possibly recovery) for your facility.

2. Gather Data. Gather data on energy use (e.g., from gas, fuel oil and electricity bills). Make this
data available to the team.

3. Benchmark Performance. Create a baseline of energy performance against which you can
measure improvements over time. You can do this using ENERGY STAR’s Portfolio Manager for
wastewater treatment plants, available online at
http://www.energystar.gov/index.cfm?c=water.wastewater_drinking water. Portfolio
Manager has the benefit of converting all types of energy use (e.g., natural gas, fuel oil, and
electricity) to a common unit so that they can be added together, and provides an estimate of
greenhouse gas emissions. You may also be able to compare your utility’s performance to
similar utilities if you meet certain criteria.

4. Conduct an Energy Audit. Determine the energy use of various processes and identify
opportunities for energy use reduction.

5. Develop Goals. Identify quantifiable energy improvement goals that complement your utility’s
mission, goals, and strategic direction.

6. Devise a Plan. Identify Energy Conservation Measures (ECMs) and develop a plan for
implementing them. Start with “low hanging fruit” and focus on energy intensive operations
such as aeration and pumping. Consider renewable energy options and opportunities for
energy generation using alternative methods. Determine costs and payback periods for
various options.

7. Implement Improvements. Assign responsibilities and establish deadlines. Consider
alternative financing approaches. Fully engage and train your operations staff.

8. Monitor and Measure Results. Track performance, review progress towards energy goals, and
develop a plan for maintaining energy efficient equipment. Re-evaluate your goals in light of
new information and priorities, and make changes to your program as necessary.

9. Communicate Success. Communicate the successes of your energy management program to
employees, utility management, and your community.

Evaluation of Energy Conservation Measures 2-3 September 2010



2.3 Tools for Energy Management

A number of tools have been developed to help wastewater utilities implement an energy
management program. Data management tools that are available online include:

e The ENERGY STAR benchmarking tool Portfolio Manager provides a way for utilities to track
their energy use as well as compare their performance to utilities with similar size and
treatment goals. It is available free online at
http://www.energystar.gov/index.cfm?c=water.wastewater drinking water. See
http://www.energystar.gov/index.cfm?c=business.bus internet presentations for details
regarding regular web-based training.

e Pump and motor management tools (see Chapter 3 for more information):

- The Pumping System Assessment Tool (PSAT), developed by the Department of Energy
(DOE) and available free online at
http://www1.eere.energy.gov/industry/bestpractices/software psat.html can help users
determine the efficiency of their existing pumping systems and calculate energy and cost
savings for upgrades.

- MotorMaster+ is a motor selection and management tool, available for free online at
http://www.motorsmatter.org/. It includes inventory management features, maintenance
logging, efficiency analysis, savings evaluation, and energy accounting. It includes a catalog
of 17,000 motors from 14 manufacturers, including NEMA Premium® efficiency motors, and
motor purchasing information.

24 Financing Resources

Funding energy conservation projects is an important component of an energy management
program, particularly due to limited resources available to utilities and the need to meet multiple
environmental objectives and regulatory requirements. A number of funding options, however, are
available to a utility. The California Energy Commission (CEC) notes that:

A shortage of internal funds need not be a “barrier” to implementing energy efficiency projects.
There are plenty of financing sources, programs and options available to serve you. Real barriers
are due to the lack of awareness or understanding of the:

1) many benefits of investing in energy efficiency projects. These benefits include
energy cost savings, increased revenues, improved worker comfort and productivity,
reduced maintenance cost of old, inefficient equipment, and reduction of
environmental degradation and

Evaluation of Energy Conservation Measures 2-4 September 2010



2) many programs for financing energy efficiency projects (CEC 2000)".

Capital projects for publically-owned wastewater utilities have historically received funding from
grants and loans; however, third party financing (e.g., state energy offices, energy services companies) is
becoming more common. In many parts of the U.S., energy performance contracting (EPC) has been
used to finance energy efficiency improvements (Zobler 2009). Properly structured performance
contracts can be considered in the utility’s operating budget instead of as a capital expense. Examples
include energy service provider-based financing and tax exempt lease-purchase agreements.

One option to streamline the audit, financing, and implementation steps of an energy
management program is to hire an Energy Services Company (ESCO). ESCOs usually develop and manage
EPCs, manage a wide range of tasks, and assume some or most of the technical and performance risk
associated with the project. See the National Association of Energy Service Companies (NAESCO)
website at http://www.naesco.org/ for more information and a list of service providers in your area.
Additional guidance is available in the CEC’s Handbook, “How to Hire an Energy Services Company “ (CEC
2000), available online at http://www.energy.ca.gov/reports/efficiency handbooks/400-00-001D.PDF.

In addition to the above resources, other free tools and resources are available to help
wastewater utilities finance ECMs. Examples are provided below.

e The Clean Water State Revolving Fund (CWSRF), offering low interest loans (average 2.2
percent) for wastewater treatment improvements. The program is administered by individual
states — A list of regional and state contacts is available online at
http://www.epa.gov/owm/cwfinance/cwsrf/contacts.htm.

e Financing guidance from ENERGY STAR, available online at
http://www.energystar.gov/index.cfm?c=business.bus financing. Includes a spreadsheet-based
Cash Flow Opportunity (CFO) Calculator that can help plant managers calculate simple payback
as well as cost of delay, which is the lost opportunity cost if the project is delayed 12 months or
more.

e Database of State Incentives for Renewables and Efficiency (DSIRE), available online at
http://www.dsireusa.org/ is a comprehensive source of information on state, local, utility, and
federal incentives and policies that promote renewable energy and energy efficiency.
Established in 1995, DSIRE is an ongoing project of the North Carolina Solar Center and the
Interstate Renewable Energy Council, which is funded by the U.S. Department of Energy (DOE).

e Report by the CEC titled “How to Finance Public Sector Energy Efficiency Projects” (CEC 2000),
available online at http://www.energy.ca.gov/reports/efficiency handbooks/400-00-001A.PDF.
Includes a description of cost-effectiveness criteria and options for financing energy efficiency
projects.

! For more information, see the CEC report, How to Finance Public Sector Energy Efficiency Projects. January 2000.
Available online at http://www.energy.ca.gov/reports/efficiency handbooks/400-00-001A.PDF
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2.5 Other ECMs and Resources

Although the focus of this document is to report on innovative and emerging equipment and
operations related ECMs, other ECMs (both innovative and conventional), have been used successfully
at WWTPs to save energy and associated costs, such as:

e Lighting, HVAC, and other building improvements.

e Reducing the loading to the WWTPs by:

— Collection system improvements to reduce infiltration and inflow to reduce storm-
related peaks

- Water conservation

- Use of equalization basins to attenuate peak flows and loadings

e Use of Supervisory Control and Data Acquisition (SCADA) software for process monitoring
and operational control. SCADA has many operational benefits, including:

- It can provide data for process modeling and energy use optimization

- It can provide immediate detection of problems through diagnostic displays, enabling
quick intervention for fast resolutions

- It can allow operators to compensate for seasonal flow and wet weather by
automatically adjusting setpoints (USEPA 2006).

e Implementing cogeneration technology to generate electricity and recoverable heat onsite
using methane off-gas from anaerobic digesters.

o Implementing energy management strategies such as

— Hiring an energy manager

- Real-time power monitoring

- Peak electric demand reduction

- Submetering to identify the most energy intensive processes

Other ECMs that can offer modest improvements and may be easy for a system to implement include
pump coatings to reduce friction or installing a vortex grit removal system instead of one that uses
aeration.

ECMs should always be considered when a plant is facing a major 20 or 30 year upgrade. At this
time, there are opportunities to reconfigure the plant for energy savings. Noted in Chapters 3 and 4 of
this document but worth reiterating is the importance of properly designing for energy efficiency.
Maximizing equipment (blower and pump) turndown capacity and designing for plant upgrades in stages
(i.e., “right sizing”) can go a long way to meet energy efficiency goals. Another important design
concept is to use hydraulic head whenever possible to reduce the need to pump. The Consortium for
Energy Efficiency (CEE) has recently issued guidance on how to include energy efficiency in requests for
qualifications (RFQs) and Requests for Proposals (RFPs). This guidance is available free online at
http://www.ceel.org/ind/mot-sys/ww/rfp/index.php3.

Evaluation of Energy Conservation Measures 2-6 September 2010



Appendix B of this report provides a comprehensive list of web references for energy
conservation. Other important technical references include the Water Environment Federation (WEF)
Manual of Practice (MOP) No. 32: Energy Conservation in Water and Wastewater Facilities (WEF 2009)
and the report by the Electric Power Research Institute (EPRI), Quality Energy Efficiency Retrofits for
Wastewater Systems (EPRI 1998). The WEF MOP 8, Design of Municipal Wastewater Treatment Plants
(WEF and ASCE 2010) provides guidance on designing energy efficient wastewater treatment plant
components. The WERF report, Energy Efficiency in Wastewater Treatment in North America: A
Compendium of Best Practices and Case Studies of Novel Approaches, provides recommendations on
energy efficiency improvements both through optimization of current processes and through adoption
of novel approaches. The report is scheduled to be published in January 2011. Lastly, the WERF report,
Best Practices for Sustainable Wastewater Treatment: Initial Case Study Incorporating European
Experience and Evaluation Tool Concept (2009), highlights European case studies related to energy
efficiency in wastewater treatment.

Additional online resources for comprehensive energy management include:

e Ensuring a Sustainable Future: An Energy Management Guidebook for Wastewater and Water
Utilities (USEPA 2008a). This document provides a step-by-step method for energy conservation
based on the Plan-Do-Check-Act management approach. It is available online at:
http://www.epa.gov/waterinfrastructure/pdfs/guidebook si energymanagement.pdf

e EPA’s Wastewater Management Fact Sheet: Energy Conservation (USEPA 2006), available online
at: http://www.epa.gov/owm/mtb/energycon fasht final.pdf. This 7-page fact sheet describes
possible practices that can be implemented to conserve energy at a WWTP.

e The Flex Your Power Best Practices Guide for Local Governments, Wastewater Sector, available
online at: http://www.fypower.org/bpg/module.html?b=institutional&m=Water Use. This
guide contains a 4-step approach to reducing energy use at a WWTP and includes links to
additional online resources.

e Wisconsin Focus on Energy’s Water and Wastewater Energy Best Practice Guidebook (Focus on
Energy 2006), available online at:
http://www.werf.org/AM/Template.cfm?Section=Home& TEMPLATE=/CM/ContentDisplay.cfm&
CONTENTID=10245. This guidebook contains benchmarking results from selected Wisconsin
wastewater facilities, best practice approaches to on-going management of energy use, best
practice funding and financing opportunities, and references for further opportunities in
water/wastewater system energy efficiency and power demand reduction.
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3. Energy Conservation Measures for Pumping Systems

Chapter 3 covers:
3.1 Introduction
3.2 Pumping System Design
33 Motors
34 Power Factor
3.5 Variable Frequency Drives (VFDs)
3.6 References

3.1 Introduction

Pumping operations can be a significant energy draw at wastewater treatment plants (WWTPs),
in many cases are second only to aeration. Pumps are used for many applications. At the plant
headworks, they may be used to provide hydraulic head for the treatment processes. Within the plant,
they are used to recycle and convey waste flows, solids, and treated effluent to and from a variety of
treatment processes. Pumps are also found in remote locations in the collection system to help convey
wastewater to the plant.

The overall efficiency of a pumping system, also called the “wire-to-water” efficiency, is the
product of the efficiency of the pump itself, the motor, and the drive system or method of flow control
employed. Pumps lose efficiency from turbulence, friction, and recirculation within the pump (WEF
2009). Another loss is incurred if the actual operating condition does not match the pump’s best
efficiency point (BEP).! The various methods for controlling flow rate decrease system efficiency.
Throttling valves to reduce the flow rate increases the pumping head, flow control valves burn head
produced by the pump, recirculation expends power with no useful work, and VFDs produce a minor
amount of heat. Of these methods, VFDs are the most flexible and efficient means to control flow
despite the minor heat loss incurred. Table 3-1 summarizes typical pump system efficiency values — note
that inefficiency in more than one component can add up quickly, resulting in a very inefficient pumping
system.

1 BEP is the flow rate (typically in gallons per minute or cubic meters per day) and head (in feet or meters) that gives the
maximum efficiency on a pump curve. For basic information on pump system design, see the WEF Manual of Practice No. 32,
Energy Conservation in Water and Wastewater Facilities (WEF 2009), or the six-part series, Understanding Pump System
Fundamentals for an Energy Efficient World (Pump-Zone 2008 and 2009), available online at http://www.pump-
zone.com/pumps/pumps/understanding-pump-fundamentals-for-an-energy-efficient-world.html
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Table 3-1. Pump System Efficiency

Pump System Efficiency
Component Range Low Avg High
Pump 30 -85 % 30 % 60 % 75 %'
Flow Control® 20— 98 % 20 % 60 % 98 %
Motor® 85—-95% 85 % 90 % 95 %
Efficiency of System 5% 32% 80 %

1. For pumping wastewater. Pump system efficiencies for clean water can be higher.
2. Represents throttling, pump control valves, recirculation and VFDs.
3. Represents nameplate efficiency and varies by horsepower. See Section 3.4 for more information

Inefficiencies in pumping often come from a mismatch between the pump and the system it
serves due to improper pump selection, changes in operating conditions, or the expectation that the
pump will operate over a wide range of conditions. Signs of an inefficient pumping system include:

e Highly or frequently throttled control valves

e Bypass line (recirculation) flow control

e Frequent on/off cycling

e Cavitation noise at the pump or elsewhere in the system

e A hot running motor

e A pump system with no means of measuring flow, pressure, or power consumption
e |nability to produce maximum design flow

For more information, refer to the Pump System Basic Assessment Guide (Pump Systems Matter™
2010), available online at http://www.pumpsystemsmatter.org/content detail.aspx?id=3334.

The literature provides several examples of plants reducing pumping energy by as much as 50
percent through pump system improvements (Focus on Energy 2006). Energy savings result from
lowering of pumping capacity to better match system demands, replacing inefficient pumps, selecting
more efficient motors, and installing variable speed controllers. Generally speaking, energy conservation
measures (ECMs) for pumping are conventional and do not represent an area where recent technology
innovation has played a part in improving energy conservation and efficiency. Pumping ECMs are,
however, still extremely important to reducing and optimizing energy use at wastewater treatment
plants. This chapter provides an overview of conventional ECMs related to pumping design, variable
frequency drives (VFDs), and motors and refers the reader to industry standards and web links for
additional guidance.

Wastewater utilities should consider implementing pumping ECMs as part of a long-term pump
testing and maintenance program. Pumps should be tested every two to three years to ensure that they
are operating efficiently. Utilities should test for flow, head, and power consumption and then calculate
efficiency for each pump system. If overall system efficiency is low (less than 60 or 70 percent for
centrifugal wastewater pumps, less than 72 percent for clean water pumps?), a more detailed evaluation
is warranted. This type of program can give the plant early warning when pump components are failing
and can prevent catastrophic failures. It is important that all components be evaluated and addressed

2 E-mail communication from Ken Henderson, September 8, 2010.
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holistically so that the entire system is energy efficient. State and local requirements for redundancy
(e.g., the common requirement that a pump station can pump peak flows with the largest pump out of
service) and safety factors may limit available efficiencies in some cases.

Several tools are available free online to assist wastewater utilities in developing a pump testing
and maintenance program. Pump Systems Matter™, an education program conceived by the Hydraulic
Institute, provides technical references, downloadable tools, tip sheets, and white papers on their
website at http://www.pumpsystemsmatter.org/default.aspx. The Department of Energy (DOE) has
developed and supports the Pump System Assessment Tool (PSAT), available free online at
http://www1.eere.energy.gov/industry/bestpractices/software psat.html, to help users determine the
efficiency of their existing pumping systems and calculate energy and cost savings for upgrades. The
Water Environment Federation (WEF) provides guidance on life cycle costing, operation and
maintenance practices, and measurement equipment in their MOP No. 32 (WEF 2009).

3.2 Pumping System Design

Appropriate sizing of pumps is key to efficient operation of wastewater treatment plants. Pumps
sized for peak flow conditions that occur infrequently or, worse, in the future towards the end of the
pump’s service life operate the majority of the time at a reduced flow that is below their BEP. Peak flow
is typically several times greater than average daily flow and can be an order of magnitude different
than minimum flow, especially for small systems or systems with significant inflow and infiltration (1&l).
In some systems, these projected future flows are never reached during the design life of the pump.

For existing treatment plants, utilities should evaluate the operation of existing pumps and
identify opportunities for energy reduction. A good starting point is to determine the efficiency of
existing pumping systems, focusing first on pumps that operate for the most hours and have potential
problems as identified by the bullet list in Section 3.1 (presence of bypass lines, throttled valves, etc.).
Plants should collect performance information on the flow rate, pressure, and delivered power to the
pumps. Field measurements may be necessary if the plant does not regularly record this information.
Pump and system curves can then be constructed to determine the actual operating points of the
existing system. Operating points more than 10 percent different than the BEP signal room for
improvement. Detailed guidance on pump system assessment is provided in the Pump Systems Matter
publication, Pump System Basic Assessment Guide, available online at
http://www.pumpsystemsmatter.org/content detail.aspx?id=3334

To improve efficiency, utilities should consider replacing or augmenting large capacity pumps
that operate intermittently with smaller capacity pumps that will operate for longer periods and closer
to their BEP. When replacing a pump with a smaller unit, both the horsepower and efficiency change. A
quick way to estimate the annual energy cost savings is to approximate cost before and after the
improvement and determine the difference using the following equation:

Annual Energy Savings (S) = [hpy x Ly X 0.746 x hr x E; x C] — [hp, x L, X 0.746 x hr x E; x C] Eq. 3-1

Where:
hp; - horsepower output for the larger capacity pump
hp, = horsepower output for the smaller capacity pump
L, = load factor of larger capacity pump (percentage of full load / 100 - determined from pump
curve)
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L, = load factor of smaller capacity pump (percentage of full load / 100 - determined from pump
curve)

hr = annual operating hours

C = energy (electric power) rate ($ / kWh)

E, = efficiency of the larger capacity pump

E, - efficiency of the smaller capacity pump

See Example 3-1 for how the Town of Trumbull was able to save more than $1,500 per year by adding a
small pump to one of its existing sewage pumping stations. When applied correctly, replacement of
standard drives with VFDs can also yield significant improvements (see Section 3.3 for additional
discussion).

Example 3-1 Town of Trumbull, CT, Improves Efficiency at Reservoir Avenue Pump Station

BACKGROUND: Wastewater from the Town of Trumbull, in southwestern CT, is collected and
conveyed to a WWTP in Bridgeport via ten sewage pump stations. One of these, the Reservoir Avenue
Pump station, consisting of two 40-hp direct-drive pumps designed to handle an average daily flow of
236 gallons per minute (gpm). Each pump was operated at a reduced speed of 1320 rpm at 50.3 feet
of total dynamic head (TDH) with a duty point of approximately 850 gpm. A bubbler-type level control
system was used to turn the pumps off and on. One pump can handle the entire peak inflow (usually <
800 gpm) with the second pump operating only during peak flow conditions.

ENERGY EFFICIENCY UPGRADES: To reduce energy use, the town installed a new 10-hp pump and
modified the system control scheme. The new pump handles the same volume as the original pump
but operates for a longer time between standby periods. In addition, the speed control was
eliminated and the original pumps, when used, are run at full speed of 1750 rpm. This allowed the
impellers of the original pumps to be trimmed from 11.25 inches in diameter to 10 inches. The
original pumps are used for infrequent peak flows that cannot be handled by the new 10 hp pump.
Under normal operating conditions, the operating point for the new pump is 450 gpm at 40.7 TDH
compared to 850 gpm at 50.3 feet of head for the whole system. Improvements were made to the
lighting and control systems resulting in additional energy savings.

ENERGY SAVINGS: Annual energy savings were 17, 643 kWh from modifying the pumping system.
Total energy savings were 31,875 kWh/yr, or approximately $2600/yr based on a rate of 8¢/kWh.
Total implementation costs were $12,000, resulting in a simple payback of 4.6 years.

FOR MORE INFORMATION:
http://www1.eere.energy.gov/industry/bestpractices/case study sewage pump.html (USDOE 2005b)

For greenfield plants and/or new pump stations, utilities should consider and plan for staging
upgrades of treatment capacity as part of the design process. For example, multiple pumps can be
specified to meet a future design flow instead of one large pump so that individual pumps can be
installed as needed, say at year zero, year ten, and year twenty. The State of Wisconsin’s Focus on
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Energy best practices guidebook (Focus on Energy 2006) estimates that staging of treatment capacity
can result in energy savings between 10 and 30 percent of total energy consumed by a unit process.

33 Motors

The cost of running electric motors can be the largest fraction of a plant’s total operating costs.
WEF estimates that electric motors make up 90 percent of the electric energy consumption of a typical
wastewater treatment plant (WEF 2009). Inefficient motors, operation outside of optimal loading
conditions, and mechanical or electrical problems with the motor itself can lead to wasted energy at the
plant and are opportunities for savings.

The percent energy savings resulting from replacing older motors with premium motors is
modest, typically between 4 and 8 percent (NEMA Standard MG-1. 2006). Savings can be higher when
energy audits reveal that existing motors achieve very low efficiencies, or when existing motors are
oversized and/or under loaded. Many plants have coupled motor replacements with upgrades from
fixed speed to variable speed drives for significantly higher energy savings.

In general, upgrading motors is a conventional ECM that has been practiced at wastewater
treatment plants for some time. Because the main focus of this report is innovative rather than
conventional technologies, this section contains only a brief overview of material, and directs the reader
to other publically available websites and references for detailed information. Specifically, Section 3.3.1
describes motor efficiency and summarizes current motor efficiency standards, and Section 3.3.2
provides links to motor management tools and software. The exception to conventional practices is the
emergence of new, ultra-efficiency motors, which are described in Section 3.3.3.

In addition to tools and references identified in subsequent sections, the reader is referred to
the following websites for technical information on motors:

e The U.S. DOE provides extensive information as part of their Motor Challenges Program.
Publications include downloadable books, tip sheets, and fact sheets on technical and economic
topics related to motors. See
http://www1.eere.energy.gov/industry/bestpractices/techpubs motors.html for a list of
published material and relevant web links.

e The Consortium for Energy Efficiency (CEE) provides technical material, links, and fact sheets
under its Motors and Motor Systems Industrial Program (http://www.ceel.org/ind/mot-
sys/mtr-ms-main.php3 ).
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3.3.1 Motor Efficiency and Efficiency Standards

Motor efficiency is a measure of mechanical power output compared to electrical power input,
expressed as a percentage.

Motor efficiency = P,,/P. Eq. 3-2

Where:
P.» = mechanical power output of the motor in Watts
P. = electrical power input to the motor in Watts (WEF 2009)

No motor is 100 percent efficient — all motors experience some power loss due to friction, electrical
resistance losses, magnetic core losses, and stray load losses. Smaller motors generally experience
higher losses compared to larger motors.

The United States Congress, in the Energy Policy Act (EPACT) of 1992, set minimum efficiency
standards for various types of electric motors manufactured in or imported to the United States.
Minimum nominal, full-load efficiencies typically range from 80 to 95 percent depending on size (i.e.,
horsepower) and other characteristics. Motors manufactured since 1997 were required to comply with
EPACT standards and to be labeled with a certified efficiency value.

The National Electrical Manufacturers Association (NEMA) premium efficiency standard has
existed since 2001 (NEMA 2006) as a voluntary industry standard and has been widely adopted due to
its power (and thus cost) savings over EPACT 1992 compliance standards. The 2007 Energy Act raised
efficiency standards of motors to NEMA premium efficiency levels and set new standards for motors not
covered by previous legislation. The 2007 act, which comes into force in December 2010, is summarized
online at http://www.motorsmatter.org/resources/gen legislation.html.

Submersible motors are commonly used in wastewater treatment plants. They serve specialized
applications in environments that are not suited for NEMA motors. There is currently no efficiency
standard for submersible motors and their efficiency is less than NEMA motors. Additionally, their
power factor is usually lower. Their selection is usually driven by the application, though some
applications have alternatives that use NEMA motors. Efficiency should be considered in the evaluation
of alternatives in these applications as it affects the life-cycle cost used in the selection process.

Operating efficiency in the field is usually less than the nominal, full-load efficiency identified by
the motor manufacturer. One reason for this is the operating load. As a rule of thumb, most motors are
designed to operate at between 50 and 100 percent of their rated load, with maximum efficiency
occurring at about 75 percent of maximum load. For example, a motor rated for 20 horsepower (hp)
should operate between 10 and 20 hp and would have its best efficiency around 15 hp. Larger motors
can operate with reasonable efficiency at loads down to the 25 percent range (USDOE 1996). Motors
operated outside of the optimal loading lose efficiency. Other factors that reduce efficiency in the field
include power quality (l.e., proper voltage, amps, and frequency) and temperature. Motors that have
been rewound typically are less efficient compared to the original motor.

Accurately determining the efficiency of motors in service at a plant is challenging because there
is no reliable field instrument for measuring mechanical output power. Several methods are available,
however, to approximate motor efficiency. For a summary, see the U.S. Department of Energy fact sheet
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on the subject (USDOE 2005), available online at
http://www1.eere.energy.gov/industry/bestpractices/pdfs/estimate_motor_efficiency motor systemts
2.pdf. One method is to use field measurements and technical data in the MotorMaster+ software tool
to estimate efficiency. Section 3.3.2 provides additional information on this tool.

3.3.2 Motor Management Programs

Wastewater utilities should consider purchasing new energy efficient premium motors instead
of rewinding older units when replacing equipment and when making major improvements at the plant
(see the text box in this section for additional recommendations). Motor replacement is best done as
part of a plant-wide motor management program. A first step in program development is to create an
inventory of all motors at the plant. The inventory should contain as much information as possible
including manufacturers’ specifications, nameplate information, and field measurements such as
voltage, amperage, power factor, and operating speed under typical operating conditions. Following the
data gathering phase, plant managers should conduct a motor replacement analysis to determine which
motors to replace now and which are reasonably efficient and can be replaced in the future or at time of
failure.

When Should Plants Consider Buying New Energy Efficient Motors?

e For new installations

e  When purchasing new equipment packages

e When making major modifications to the plant

e Instead of rewinding older, standard efficiency units

e To replace oversized and/or underloaded motors

e As part of a preventive maintenance or energy conservation program

Source: Motor Challenge Fact Sheet: Buying an Energy Efficiency Electric Motor. Available online
at http://wwwl.eere.energy.qov/industry/bestpractices/pdfs/mc-0382.pdf

A key input to any motor replacement analysis is economics. A simple approach is to calculate
the annual energy savings of the new motor compared to the old unit and determine the payback period
in years (in other words, when will the cumulative energy savings exceed the initial costs). The following
simple equation can be used to determine annual energy savings:

Annual Energy Savings (S) =hp x L x 0.746 x hr x C x (E, - E.) Eq. 3-3

Where:
hp = horsepower output of motor
L = load factor (percentage of full load / 100)
0.746 = conversion from horsepower to kW units
hr = annual operating hours
C = energy (electric power) rate (S/kWh)
E. = existing motor efficiency as a percentage
Ep = premium motor efficiency as a percentage
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Simple payback in years can then be calculated as the new motor cost (capital plus installation)
divided by the annual energy savings. When comparing buying a premium motor instead of rewinding
an existing one, the cost of rewinding the existing motor should be subtracted from the motor cost. Any
cash rebate from your local electric utility or state energy agency should also be subtracted from the
cost of the new motor. When replacing pumps, motors, or control systems, upgrading the electrical
service, wiring, transformers, and other components of the electrical system should be considered in
calculating energy savings and life cycle costs. Utilities should also consider the importance of reliability
and environmental factors when making motor replacement decisions. More robust economic analyses
such as net present value life cycle cost analysis should be considered, especially for large expenditures.

The ENERGY STAR® Cash Flow Opportunity (CFO) calculator is an easy-to-use spreadsheet tool
that can help plant managers calculate simple payback as well as cost of delay, which is the lost
opportunity cost if the project is delayed twelve months or more. The last sheet of the workbook
provides a summary that can be given to senior managers and decision makers to help convince them of
the financial soundness of energy efficiency upgrades. The CFO calculator and other financial tools are
available for free download at http://www.energystar.gov/index.cfm?c=assess value.financial tools.

The task of motor inventory management and replacement analysis is made significantly easier
by publically available software tools. Developed by the DOE Industrial Technologies Program,
MotorMaster+ is a motor selection and management tool, available free online at
http://www.motorsmatter.org/. It includes inventory management features, maintenance logging,
efficiency analysis, savings evaluation, and energy accounting. It includes a catalog of 17,000 motors
from 14 manufacturers, including NEMA Premium® efficiency motors, and motor purchasing
information. In addition to MotorMaster+ software, the sponsors of the Motor Decisions Matter
campaign developed a spreadsheet tool to assist plant managers with motor replacement/repair
decision making. The tool is titled the “1*2*3 Approach to Motor Management” and is available for free
download at http://www.motorsmatter.org/tools/123approach.html.

3.3.3 Innovative and Emerging Technologies

Siemens Energy and Automation in cooperation with the Copper Development Association has
developed “ultra-efficient” copper rotor squirrel cage-type induction AC motors. These motors exceed
NEMA premium full-load efficiency standards by up to 1.4 percent; however, they are only currently
available in outputs up to 20 hp. In addition to using high-conductivity copper rotors in place of
aluminum, the new motors have the following efficiency improvements:

e Optimized rotor and stator design

e Low-friction bearings

e Improved cooling system

e Polyurea-based grease

e Dynamically balanced rotors

e Precision-machined mating surfaces for reduced vibration

The motor’s insulation is designed to be compatible with VFD’s (USDOE 2008).
The U.S. Department of Energy (USDOE), in cooperation with Baldor Electric Company and other

private partners, is developing a new grade of Ultra-Efficient and Power-Dense Electric Motors, with the
goal of a 15 percent reduction in motor energy loss over NEMA premium motors. For example, if a
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NEMA premium motor with particular characteristics and output horsepower was 92 percent efficient
and thus had 8 percent loss, this new grade of motor would reduce loss by 0.15* 8% = 1.2 percent, for a
new overall efficiency of 93.2 percent. The new grade of motor will also be 30 percent smaller in volume
and 30 percent lower in weight, leading to decreased motor cost due to lower materials costs (USDOE
2009). For more information, see DOE’s website at
http://www1.eere.energy.gov/industry/intensiveprocesses/pdfs/electric_motors.pdf .

3.4 Power Factor

Power factor is important because customers whose loads have low power factor require
greater generation capacity than what is actually metered. This imposes a cost on the electric utility
that is not otherwise recovered by the energy and demand charges. There are two types of power that
make up the total or apparent power supplied by the electric utility. Their relationship is shown in
Figure 3-1. The first is the active power. Measured in kW, it is the power used by the equipment to
produce work. The second is the reactive power. This is the power used to create the magnetic field
necessary for induction devices to operate. It is measured in kVARs.

Active Power, kW

».
L

Reactive Power, kVAR

Apparent Power, kVAR

Figure 3-1. Vector Relationship of AC Power

Power factor is the ratio of the active power to the apparent power. The power factor of fully
loaded induction motors ranges from 80 to 90 percent depending on the type of motor and the motor’s
speed. Power factor deteriorates as the load on the motor decreases. Other electrical devices such as
space heaters and older fluorescent or high discharge lamps also have poor power factor. Treatment
plants have several motors, numerous lamps, and often electric heaters, which, combined, lowers the
facility’s overall power factor.

Power factor may be leading or lagging. Voltage and current waveforms are in phase in a
resistive AC circuit. However, reactive loads, such as induction motors, store energy in their magnetic
fields. When this energy gets released back to the circuit it pushes the current and voltage waveforms
out of phase. The current waveform then lags behind the voltage waveform. When the load is
capacitive, the opposite occurs, and the current waveform leads the voltage waveform.

Improving power factor is beneficial as it improves voltage, decreases system losses, frees
capacity to the system, and decreases power costs where fees for poor power factor are billed. Power
factor can be improved by reducing the reactive power component of the circuit. Adding capacitors to
an induction motor is perhaps the most cost effective means to correct power factor as they provide
reactive power. Synchronous motors are an alternative to capacitors for power factor correction.
Synchronous motors can be run at lagging, unity, or leading power factor by controlling their field
excitation. When the field excitation voltage is decreased, the motor runs in lagging power factor. This
condition is called under-excitation. When the field excitation voltage is made equal to the rated
voltage, the motor runs at unity power factor. The motor runs at leading power factor when the field
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excitation voltage is increased above the rated voltage. This condition is called over-excitation. When
over-excited, they can provide system power factor correction. Synchronous motors above 300 hp and
below 1200 rpm are often less expensive than a comparable induction motor (Thumann and Dunning,
2008).

The feasibility of adding capacitors depends on whether the electric utility charges for low
power factor. Corrective measures are infrequently installed since many electric utilities do not charge
small customers for poor power factor but rather price it into the electrical rates as a cost of business. A
cost evaluation is needed to determine the type of correction equipment to use. The evaluation should
include motor type, motor starter, exciter (for synchronous motors), capacitors and switching devices if
needed, efficiency, and power factor fees (IEEE 1990). Manufacturers should be consulted before
installing capacitors to reduced voltage solid-state starters and VFDs as there can be problems if they
are not properly located and applied.

3.5 Variable Frequency Drives (VFDs)

VFDs are used to vary the speed of a pump to match the flow conditions. They control the
speed of a motor by varying the frequency of the power delivered to the motor. The result is a close
match of the electrical power input to the pump with the hydraulic power needed to pump the water.
As illustrated by the red areas in Figure 3-2, other methods used to control flow expend more electrical
power than the hydraulic power needed. Throttling valves decrease flow by moving the operating point
on the pump’s curve to the left. This is achieved by artificially increasing the head against which the
pump works. Bypass control returns a portion of the water pumped back to the suction side of the
pump, which wastes a portion of the energy used to recirculate the water with no useful work.
Stop/start control is indicative of an over-sized pump that pulses to “match” flow. While this achieves
the same amount of work as a smaller pump operating continuously, it does so at a higher power (kW)
demand. VFDs are a proven technology that is more efficient than these control methods and are
ideally suited in situations where the flow rate is highly variable.
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Figure 3-2. Wasted Energy in Alternative Control Schemes Compared to Variable Frequency Drives

Source: provided courtesy of Pump Systems Matter™ and the Hydraulic Institute, Parsippany, NJ
www.PumpSystemsMatter.org

3.5.1 Energy Savings

VFDs have been used by many wastewater utilities to conserve energy and reduce costs. A
literature review found numerous success stories with energy savings ranging from 70,000 kWh/yr for
smaller WWTPs (i.e. average daily flow of 7-10 mgd) to 2,800,000 kWh/yr for larger WWTPs (i.e. average
daily flow of 80 mgd) (EPRI 1998; Efficiency Partnership 2009; USDOE 2005c). VFDs are now more
available and affordable, and paybacks for VFDs range from six months to five years depending on the
existing level of control and annual hours of operation (Focus on Energy, 2006).

To approximate the potential energy savings, utilities should develop a curve of actual flow in
hourly increments during a day. Using the curve, energy consumed by a constant speed motor and
throttling valve can be estimated and compared to energy consumed by a VFD system that match the
hourly flow rate to power used.

3.5.2 Applications

VFDs can be installed at remote collection system pumping stations, at lift stations, on blowers,
and on oxidation ditch aeration rotor drives. A common application of VFDs is for pumps that experience
a large variation in diurnal flow, such as at wastewater pumping stations. However, if VFDs are not
selected and applied correctly, they can waste energy. Operating below 75% for full load, VFDs can have
very low efficiencies. In selecting a VFD, information should be obtained from the VFD manufacture
showing the efficiency at different turn down rates.
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VFDs are not applicable in all situations. VFDs may not be effective when a large static head
must be overcome or where there is little variation in the flow rate (WEF 2009). Additionally, some
motors are not suited for use with VFDs. When the drive reduces the frequency to the motor the voltage
decreases. However, the amperage increases which can generate heat. More commonly, voltage spikes
that develop from the non-sinusoidal wave form produced by VFDs can damage motor insulation if not
properly filtered. Conductors within the motor should be properly insulated and the motors should be
capable of dissipating the heat.

3.5.3 VFD Strategies for Wastewater Pumping Stations

VFDs can be costly to install in an existing pump station and require space in the electrical room.
The range of flow, number of pumps, and hours of operation also need to be considered when
evaluating the implementation of VFD control. Although equipping all pumps with VFDs provides
maximum operational flexibility, this can be costly and, in retrofit projects, not always feasible. Often
the rewards of having VFDs can be achieved at less cost with half or as few as one pump being
equipped.

One VFD can be feasible in small stations where two pumps are run in duty/standby mode
because the duty pump runs the majority of the time, reaping the savings with the VFD. In situations
where both pumps are run in the lead/lag mode to cover the range of flow encountered it is usually
beneficial to have both pumps equipped with VFDs. This allows the pumps to alternate the lead position,
which balances their hours, and it simplifies the controls as both pumps can be operated in the same
manner.

In the case of larger stations with three or more pumps of the same size operated in lead/lag
mode, the number of VFDs needed depends on the range of flow and the space available. If one pump
runs the majority of the time with infrequent assistance from the others, then one VFD would likely
suffice. However, if the second pump operates frequently, then at least two VFDs are recommended. In
the two-VFD scenario, when an infrequent peak flow is needed, the third constant-speed pump can
provide the base load while both VFD-driven pumps adjust to meet the demand. Depending on the size
of the pumps, it could be more beneficial to install a smaller pump instead and run it with a VFD. This
maximizes the efficiency of the system because when the large pumps are run, they are near their BEP
without the heat losses generated by VFDs.

Large stations with multiple pumps of different sizes need to be evaluated on a case-by-case
basis. Typically, VFDs are placed on the smaller pumps so that they can be used to fill in the peaks
before another large pump is turned on. The controls are simple and sequencing is easy to maintain
when a pump is down for service. Additionally, the cost is lower as small VFDs are less expensive than
large ones.

It is important to run each pump periodically. Bearings in pumps that sit too long can be
damaged from brinnelling and stuffing boxes can dry out and leak. It is beneficial from an O&M
standpoint to exercise equipped at intervals recommended by the equipment manufacturer to ensure
their reliability when called upon. Energy-wise, it is best to do this during off-peak electric hours such as
morning or on weekends.
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4. Design and Control of Aeration Systems

Chapter 4 covers:

4.1 Introduction

4.2 ECMs for Aeration Systems

4.3 Control of the Aeration Process

4.4 Innovative Control Strategies for Biological Nitrogen
Removal

4.5 References

4.1 Introduction

The aeration process can account for the largest energy demand of any operation at the facility.
Although the demand is site-specific and can vary widely from plant to plant, the fraction of energy used
for aeration ranges from 25 to as much as 60 percent of total plant energy use (WEF 2009). Because of
the high energy use associated with aeration, energy savings can be gained by designing and operating
aeration systems to match, as closely as possible, the actual oxygen demands of the process. Through
improved understanding of the oxygen demands of a particular wastewater and how those demands
fluctuate with time of day and season, wastewater treatment plants (WWTPs) can build flexibility into
their aeration systems so that operation can address real-time demands efficiently.

Section 4.2 in this chapter describes energy conservation measures (ECMs) for aeration systems.
Section 4.3 follows with a discussion of aeration control, including conventional control based on
dissolved oxygen (DO) measurements and innovative control strategies. Innovative and emerging
technologies for control of biological nitrogen removal are discussed in Section 4.4. See Chapter 5 for
innovative ECMs related to new commercially available blower and diffuser equipment.

4.2 ECMs for Aeration Systems

Wastewater is aerated by either bubbling air or high-purity oxygen through it or by mixing it so
that oxygen is transferred through contact with the atmosphere. The two most common types of
aeration systems are diffused aeration and mechanical surface aeration. Hybrid systems that combine
diffused air and mechanical mixing include jet systems, U-tube aerators, and submerged turbine
aerators. For more information on aeration system components and configuration, see Chapter 14 of
Manual of Practice (MOP) No. 8, Design of Municipal Wastewater Treatment Plants (WEF and ASCE
2010), Chapter 2 of MOP No. 32, Energy Conservation in Water and Wastewater Facilities (WEF 2009),
or the EPA Design Manual for Fine Pore Aeration Systems (USEPA 1989).

Energy efficiency of an aeration system depends on several key factors, including:
o Diffuser flux rate: The rate of airflow per unit surface area of the diffuser (e.g., in standard

cubic feet per minute per square foot of diffuser area). A minimum rate is typically required to
uniformly distribute air to diffusers.
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e Oxygen transfer rate (OTR): The mass of oxygen dissolved in the mixed liquor per unit of time
(e.g., in lbs/hr). The OTR for clean water as determined by the manufacturer following standard
test protocols is the standard OTR, or SOTR. The oxygen transfer rate under field conditions is
designated by the subscript f (OTR;).

e Oxygen transfer efficiency (OTE): The mass of oxygen transferred to the liquid from the mass of
oxygen supplied, expressed as a percentage. Similar to OTR, the transfer efficiency as
determined by the manufacturer for clean water at a given gas flow rate and power input is
called the standard oxygen transfer efficiency (SOTE). The transfer efficiency for field conditions
is often designated by the subscript f (OTE;).

o Alpha: The ratio of oxygen transfer efficiency in wastewater versus clean water.

e Mixed Liquor DO Concentration: Although not strictly a design factor, one of the most
significant and controllable factors affecting aeration energy efficiency is mixed liquor dissolved
oxygen concentration. The closer the dissolved oxygen concentration is to saturation, the
greater the resistance for dissolved oxygen dissolution and the lower the OTE. See Section 4.3
for guidance on determining the target mixed liquor DO concentration and implementing
automated control.

Designers try to maximize the OTE; under most operating conditions so that the plant will
operate efficiently. OTE; depends on a number of external factors including water temperature and site
elevation. It decreases with increasing concentration of solids and surfactants. Within the basin itself, it
increases from the inlet to the outlet as organic material is biodegraded. It increases with decreasing
flux rate and is generally higher for deeper basins. Although commercially available aeration equipment
has a wide variety of SOTEs, fine-pore diffusers have the highest efficiency compared to any other
diffused air or mechanical aeration system.

There are many different basin configurations and a variety of aeration equipment that can be
used to improve aeration efficiency. No single approach is right for every system. Life-cycle cost
analysis should always be conducted to ensure that ECMs are appropriately factored into the decision
making process.

Overall design of aeration systems and considerations for energy efficiency are well covered in
existing literature (USEPA 1989, WEF and ASCE 2010, WEF 2009). The purpose of this section is to
provide an overview of ECMs that can be incorporated into a new design or as part of a retrofit project
to an existing basin. Sections 4.2.1 and 4.2.2 provide ECMs for diffused air systems and mechanical
aeration, respectively.

4.2.1 ECMs for Diffused Aeration Systems

Diffused aeration systems introduce air below the wastewater surface. Major components of
diffused aeration systems are the air intake system, blowers, the air piping system, diffusers, and
controls. Air intake systems are typically equipped with filters to protect blowers and diffusers from
airborne particulates. Blowers are essentially low pressure, high volume air compressors. Common
types are positive displacement and centrifugal (see Chapter 5 for detailed discussion of blower
equipment). Air piping systems deliver air from blowers to the diffusers. Headloss within the air piping
system is typically a small portion (< 10%) of total system pressure (WEF and ASCE 2010). Aeration
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control systems are key to keeping the aeration system operating efficiently over the system’s entire
operating range. Note that control systems are discussed in Section 4.3.

Conventional ECMs for aeration systems include (1) proper sizing of blowers, (2) dedicated
blowers for channel aeration, and (3) configuration of diffusers within a basin. A forth method emerging
is intermittent aeration. Each is discussed separately below.

Proper Sizing of Blowers

There are many blower configurations that can operate efficiently, especially in larger plants. In
general, blower systems should be designed for a minimum 5:1 turndown ratio, meaning that a system
should be capable of operating at 1/5" of its full capacity (Cantwell et al. 2009). Some common
arrangements that provide for efficient blower operation with back-up are to design for four blowers at
33 percent each of design flow, or two blowers at 25 percent each of design flow plus two blowers at 50
percent each of design flow.

Many plants have more capacity in their aeration system than needed because the population
growth projected during the design phase (a factor in designing treatment plant capacity for a 20year
future projected loading) has not yet occurred or will never occur. In other cases, changes in local
industries or aggressive pre-treatment programs may have resulted in decreased organic loading and
reduced aeration requirements. In these situations and others, it may not be possible for the existing
aeration system to operate efficiently to meet the existing load. Using an aeration system to supply
parasitic loads, such as channel air and air lift pumps, further increases the design capacity of the
system. These applications, which typically require lower pressure, can often be more efficiently served
by a smaller blower. Determining the actual process air requirements without parasitic loads enables a
more efficient system to be designed.

The energy savings associated with retrofits to increase blower turndown depends on many
factors including where the plant is within its design life and how closely projected growth matched
actual growth. If the original design was oversized, energy savings can be significant. Several methods
are available to reduce energy use in these situations, such as replacing larger blowers with one or more
smaller units or installing variable frequency drives (VFDs). Inlet throttling may be applicable, depending
on the blower type, to modulate the air flow rate of existing blowers. Example 4-1 shows how one
utility was able to reduce energy use by approximately 1,000,000 kWh/yr by installing smaller blowers.
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Example 4-1: City of Waukesha, Replaced Existing Blowers with Smaller Units to Improve Efficiency

BACKGROUND: The City of Waukesha is a medium-sized community of approximately 70,000 residents
located 15 miles west of Milwaukee, WI. The City’s conventional activated sludge wastewater
treatment facility treats between 10 and 12 million gallons per day (mgd) and has a design flow of 18.5
mgd. The plant chemically removes phosphorus by adding ferric chloride in a tertiary treatment
process prior to filtration, UV disinfection, and discharge to the Fox River.

The plant’s six aeration basins were equipped with ceramic fine-bubble diffusers. Five 700 hp, inlet
throttled centrifugal blowers provided air to the aeration system. Since the original plant design, the
City began aggressively enforcing their industrial pretreatment program. In addition, some industries
closed or moved out. The combined effect was a significant reduction in organic loading to the plant.
With just one blower running, dissolved oxygen concentrations were high, between 4.5 and 8.0
milligrams per liter (mg/L). The facility could not achieve sufficient turndown of the blower prior to
implementing energy efficiency improvements.

ENERGY EFFICIENCY UPGRADES: In July 2003, the plant replaced two 700 hp blowers with two 350 hp
blowers so that they could operate at a lower DO concentration. They also upgraded their DO probes
with new membrane units and replaced the existing single loop PID DO control system with an
integrated direct flow control system with most open valve control (MOV) logic. During the upgrade,
they took three of the six basins out of service.

ENERGY SAVINGS: Total energy savings from the blower replacement were substantial at
approximately 1,000,000 kWh per year (approximately 9 % of total plant energy use) with an
associated annual energy cost savings of more than $65,000. Total implementation costs were
Sapproximately $200,000, resulting in a simple payback of about three years.

SOURCE: Cantwell et al. 2009

Dedicated Blowers for Channel Aeration or Air Lift Pumps

The air for channel aeration or air lift pumps processes is often tapped from the main aeration
system air header. However, particularly for channel aeration, the pressure required is significantly
lower than the main aeration system pressure. This excess pressure is usually reduced by throttling the
air through a flow control valve. By providing a small blower rated at the specific pressure required for
the service, the energy requirement can be reduced. This approach is usually viable only for large plants
as the payback period to implement it in smaller plants is usually too long to make the change feasible.

Configuration of Diffusers

The configuration of diffusers within an aeration basin should allow for maximum operational
flexibility to respond to varied conditions and treatment goals. It is also important that their layout
promotes plug flow within the basin and reduces short-circuiting. A common approach is to use tapered
aeration to reduce the rate of oxygen supply along the length of a basin (WEF and ASCE 2010). It can be
accomplished by placing more diffusers at the inlet to the basin where the organic loading is highest and
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decreasing the number of the diffusers along the basin’s length. Tapered aeration better matches the
oxygen demand across the basin by providing more air to the head of the basin where it is needed and
less air near the end of the basin where the food-to-microorganisms (F/M) ratio is lower, thereby saving
energy.

If an existing aeration system is under-performing, utilities should examine the configuration of
diffusers to identify possible causes and potential improvements. Changes in number of diffusers and
diffuser configuration could lead to increased energy efficiency. For example, the Waco Metropolitan
Area Regional Sewer System (WMARSS) treatment facility in Waco, Texas was not meeting its
nitrification goals with the plant’s existing fine bubble aeration system. An analysis of the facility
operations revealed that the aeration system was being operated in excess of the diffusers’ maximum
air flow rate, producing coarse bubbles instead of fine bubbles, which reduced the oxygen transfer
efficiency. The analysis also concluded that additional diffusers were required to effect nitrification.
The utility installed 700 additional diffusers in each of the plant’s five aeration basins, bringing the total
number of diffusers in each basin to 3,500. This modification, along with the implementation of
automated DO control, has reduced energy consumption by an average of 4,643,000 kWh per year (an
average 33% reduction) and had a payback period of less than three years. See the case study summary
in Chapter 8 and the full case study with detailed energy and cost information in Appendix A for more
information.

Intermittent Aeration

Intermittent aeration saves energy by reducing the number of hours that an aeration system
operates or the aeration system capacity. It is not appropriate for all facilities, especially those at or
near capacity, and needs to be evaluated on a case-by-case basis so as not to adversely impact the
treatment process. The methodology involves momentarily stopping air flow to an aeration zone or
cycling air flow from zone to zone. The cycle length can be controlled with DO concentration or can be
strictly time based. When controlling with the DO concentration, air flow is turned off at a set high level
and turned back on based on a lower limit. The cycle length on time-based systems is strictly controlled
by a set maximum time. Many basins are limited by mixing, which must be considered when setting the
maximum length of time that the air can be turned off. Additionally, settling of solids within the basin
should be factored in the cycle length.

4.2.2 ECMs for Mechanical Aerators

Mechanical surface aerators vigorously agitate the wastewater, transferring oxygen from the air
by increasing the water-atmosphere interface. Common types of equipment include low-speed
mechanical aerators, direct drive surface aerators, and brush-type surface aerators. Slow speed
mechanical aerators are used in both pond systems and in the activated sludge process. In ponds, they
are mounted on floats and held in position using guy wires. Mechanical aerators are mounted above
the wastewater on a platform in the middle of aeration basins. A shaft extends down through the
platform into the tank to mix the wastewater. Brush aerators are used in oxidation ditches where, in
addition to providing mechanical aeration, they impart a horizontal velocity that is needed to keep the
ditches’ contents moving and particles in suspension.

In general, ECMs for mechanical aerators are conventional retrofits. One ECM identified in the
literature is the ability to adjust the submergence of fixed mechanical mixers through the use of
adjustable weirs. Oxygen transfer can be improved and energy use is reduced by installing motor-
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operated weirs that change the submergence of the impeller based on the dissolved oxygen
concentration (WEF 2009). Thus, the submergence of the impeller delivers more or less oxygen in
response to real time conditions, resulting in energy savings. WEF and ASCE (2010) report that, in
general, radial-flow low-speed mechanical aeration systems can provide higher aeration efficiency than
high-speed machines.

Cycling aerators off during night-time hours can be effective in reducing aeration energy use in
pond systems with multiple surface aerators. As the influent load to the plant decreases in the evening,
the DO concentration rises. This is a potential opportunity to decrease surface aeration. Operationally,
it is better to cycle the aerators so that each aerator is only off for a short time before another is put in
service. As ponds come in different shapes and sizes, the number of aerators and determination of
which aerators to turn off must be carefully evaluated on a case-by-case basis to prevent settling and
the generation of odor.

A new development in mechanical aerators is the use of multiple impellers. Single impeller
mechanical aerators are limited in their turn down due to the need to keep the contents of the basin
from settling. A dual impeller aerator by Eimco Water Technologies, shown in Figure 4-1, includes a
lower impeller near the bottom of the basin floor to augment the surface impeller. This provides
additional mixing energy near the floor of the basin, permitting greater power turndown when a VFD is
used and an associated energy savings. Data from full-scale installations were not identified through a
literature review; thus, potential energy savings have not been quantified and this technology remains
classified as an emerging ECM.

Figure 4-1. Eimco Water Technologies Carrousel’ System Excell” Aerator Il
Source: Eimco Water Technologies. Used with permission.
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4.3 Control of the Aeration Process

Control of the aeration process is critical to efficient operation of wastewater treatment plants
as both over- and under-aeration have detrimental effects. The energy wasted on over-aeration mounts
quickly as the energy expended increases exponentially with increasing DO concentrations. The DO
concentration needed to maintain stable biological activity is site-specific but usually ranges from 1.0 to
2.0 milligrams per liter (mg/L) for activated sludge systems and as low as 1.0 mg/L for nitrification. As
noted previously, operating at DO concentrations closer to saturation increases the resistance of
dissolved oxygen to dissolution. This both lowers the oxygen transfer efficiency (OTE) and increases the
energy expended to drive oxygen into solution. In addition to wasting energy, the following operational
problems have been reported in association with excess dissolved oxygen:

e Poor sludge settling

e Increased foam caused by filamentous organisms (can also occur at low DO)

o Negative impacts on the anoxic zone of a biological nitrogen removal system due to high DO
levels in the recycle flow

Under-aeration can lead to underperformance of the activated sludge process, bulking issues, and, in
some cases, issues with struvite (a phosphorus precipitate) formation in sludge processing resulting
from unwanted biological phosphorus removal. The key point is to have good control over dissolved
oxygen levels so that the aeration system supplies only what is needed.

This section presents ECMs for automated DO control including new advances in DO
instrumentation, emerging DO control technologies, and emerging technologies using control
parameters other than DO.

4.3.1 Automated DO Control

Automated control of the aeration process is an important ECM that can save a plant
considerable energy by quickly adjusting to variable conditions within the basin. The oxygen required to
maintain biological processes (i.e., the oxygen demand) within the aeration basin is proportional to
organic and ammonia loading in the influent wastewater. Oxygen demand for aeration, therefore,
follows the same diurnal pattern, dipping in the middle of the night and peaking in the morning and
evening. The ratio of peak to minimum oxygen demand can typically be 2:1 (Cantwell et al. 2009),
although it can be much higher for small systems and resort communities. Intermittent discharge of
ammonia-rich supernatant from sludge dewatering operations can also dramatically increase the oxygen
demand in the basin. Conversely, dilution from stormwater flow can reduce oxygen needs. In addition
to fluctuating oxygen demand of the wastewater itself, the oxygen transfer efficiency in the basin also
varies in response to changing air and water temperature and other wastewater characteristics such as
concentrations of solids and surfactants.

In the past, wastewater treatment operators took field measurements to determine the DO
concentration in the aeration basins. Based on the results, operational modifications were made (e.g.,
to blowers or aeration system valves) to increase or decrease the oxygen being delivered to the basins
based on target setpoints. This was typically done only a few times (or once) per day and would not
closely reflect diurnal variations in DO demand. In addition, a high safety factor was often applied to
ensure that the DO level did not decrease below the target concentration should the influent
wastewater characteristics change quickly.
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To more closely match the air delivered to the biological process oxygen demand, utilities now
commonly install automated control systems. Some new blowers come with automated control for
reliable operations and enhanced energy savings (blower technologies are discussed in Chapter 5).
Because energy required increases exponentially as the DO concentration increases, energy savings
from automated DO control can be significant. For example, WEF and ASCE (2006) estimate that tight
control of DO in the aeration process can save a wastewater plant between 10 and 30 percent of total
energy costs. Energy savings will be site specific and are highly dependent on the control system in
place prior to the upgrade to automated process control. WEF (2009) reports that for medium to large
WWTPs, the payback period for installing automated DO control is generally within a few years.

How it Works

Automated DO control systems use real-time dissolved oxygen (DO) concentration readings
from DO probes located within the aeration basins as inputs to a process controller. The process
controller provides control output to the aeration system that responds by adjusting the brush rotor or
blower speed, the position of variable vane diffusers on the blower, and/or the position of the drop-leg
control valves at the basin to deliver the proper amount of air needed to maintain the target DO
concentration. A simple control system might use one DO probe and one target DO concentration for all
aeration basins. A more complex control strategy involves individual DO probes and air header control
valves for each basin and/or stages within each basin. Individual target DO concentrations for each basin
or stage can further increase energy savings.

Major components of an automated DO control system include:

e DO Probes. Typical configurations are membrane (most common), galvanic, or new optical
technology (see Section 4.3.1.1 for a detailed discussion). Probes should be installed in each
aeration basin near the center or close to the inlet of a plug-flow basin.

e Blower Air Flow Control. The total air flow supplied to the system is controlled by
modulating the air flow rate delivered by the blowers. The control mechanism depends on
the type of blower. Positive displacement blowers can use VFDs to modulate air flow. Air
flow for multi-stage centrifugal blowers is often controlled by inlet throttling; however, VFDs
also can be used to improve efficiency and turndown. New single-stage centrifugal blowers
use variable speed, inlet guide vanes and variable discharge diffusers to modulate flow for
enhanced energy efficiency. See Chapter 5 for more information on blower technology and
air control.

e Basin Air Flow Control. The total air flow supplied by the blowers is divided between
multiple aeration tanks and multiple grids in each tank. The air flow in each zone should be
proportional to process demand in each zone. In small facilities, basin air flow control is
often done manually. In larger facilities, automatically controlled air flow valves can be used
to continuously modulate air flow as DO concentrations change. In the largest facilities,
automatic control may also be provided for individual zones. Most Open Valve (MOV)
control can be used to automatically adjust header pressure so as to maintain a most open
valve at an essentially full open position and minimize system pressure and energy.
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e Process Control System. The aeration system process controllers receive information from
the DO probes, process results (i.e., compares the basin readings to set point(s)), and sends
signals to air control mechanisms to make a change if needed. Most systems are composed
of programmable logic controllers (PLCs), usually networked together by a Supervisory
Control and Data Acquisition System (SCADA). In larger facilities Distributed Control System
(DCS) are sometimes used, combining local controllers and computer-based operator
interface

Automated DO control systems typically use some form of a feedback control loop, whereby
blower and aeration basin air flow rates are manipulated in response to changes in the DO level in the
aeration basin. Control strategies can be very simple, such as an on-off or setpoint control, or complex
based on proprietary algorithms. A common strategy for automated DO control is a cascaded control
system. In the first loop of cascade control, the process controller sends a signal to the basin air flow
control loop based on the DO probe readings in a basin. For example, if the DO reading is below the
target, the controller will require more air into the basin. In some cases, the basin flow control valve is
manipulated directly by the DO control loop. In most cases, a flow meter and separate air flow
controller are provided. In this type of system, the output of the DO control loop is the setpoint for the
air flow controller.

The second loop is established between a pressure transducer on the main header and the
blower system. Pressure in the line will naturally increase or decrease based on modulations of the
basin air flow control valve. If the basin valve is opened, the header pressure will decrease and the
pressure control loop will send a signal to the blower controller to increase blower air flow. That is, the
output of the pressure control loop is the setpoint for the blower air flow controller. Figure 4-2 provides
a schematic of this common control system.

Evaluation of Energy Conservation Measures 4-9 September 2010



BLOWER AIR FLOW

FLOW
SETPOINT

INLET BFV
CONTROL

PRESSURE

-

FLOW

SETPOINT sl

SETPOINT

DO
/3/ CONTROL /J/ CONTROL
M Do M DO
. p— L +— rd
Traditional System = < o oo o o o oo = ¢ o s s s oo
with Pressure
contrOl o a Lo = @ o o o [ o o [ 1] a a o
‘ o o a @ © o L] o ‘ ‘ [} L] El o a a @ o *
h o I I h o h o I 1 L T T T I I I I I
TANK 1 TANK 2

Figure 4-2 Common Cascade System for Automated DO Control
Source: Reproduced courtesy of Dresser, Inc.

Recent advances in automated DO control are related to the probes themselves or the control
strategy. Section 4.3.1.1 discusses new DO probe technology. Advanced DO control systems are
presented in Section 4.3.1.2.

4.3.1.1 DO Measurement Equipment

DO can be measured by membrane electrodes, galvanic electrodes, and optical DO technology
(fluorescence or luminescence). Membrane electrodes, historically the most common DO measurement
device, are composed of two metal electrodes separated from a test solution by a membrane. As
oxygen permeates the membrane, the cathode reduces it and creates a potential that can be correlated
to the amount of dissolved oxygen in the system. They are fairly reliable but must be calibrated
frequently, typically monthly or weekly depending on the manufacturer and site conditions. The
membranes must also be replaced fairly frequently (often quarterly but can be more frequently) (WEF
and ASCE 2006). See the text box on the next page for guidelines on diffuser maintenance. This can be
a time-consuming and tedious activity for operators. Galvanic electrodes, such as the proprietary Zullig
probe, apply a galvanic current to measure the oxygen. This type of probe has significantly less
maintenance than membrane-style probes and can obtain a slightly better energy savings as it maintains
its accuracy longer.
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Calibration and Maintenance on Membrane-Type Dissolved Oxygen Probes

Most DO probes can be field calibrated to match a known DO concentration reading. A laboratory unit
can be used to measure the mixed liquor DO concentration, and this value is entered into the
transmitter using a menu setting. Membrane type DO probes also have an “air calibration” available. In
this method, the clean probe is exposed to air and the transmitter automatically adjusts the display and
output to match the known concentration of oxygen in ambient air.

In mixed liquor, all types of DO probes can accumulate deposits of biological growth or grease. These
deposits cause inaccuracy in the DO concentration measurement. Frequency of cleaning varies from
once per week to once per month depending on site conditions. Cleaning of most DO probes is
accomplished by removing the probe from the mixed liquor and wiping it with a damp cloth. In
installations with a large number of DO probes, utilities should consider the use of self-cleaning probes.
These employ air blasts, water spray, or mechanical wipers to periodically and automatically remove
deposits from the face of the probe.’

The newest technology on the market, the optical DO probe, measures changes in light emitted
by a luminescent or fluorescent chemical and relates the rates of change in the emission to the DO
concentration in solution. They work on the principle that DO quenches both the intensity and duration
of the luminescence or fluorescence associated with certain chemical dyes (see Figure 4-3 for a
depiction of sensor operation). Thus, the duration of the dye luminescence or fluorescence is inversely
proportional to the dissolved oxygen concentration. Several manufacturers offer optical DO probes
including Hach, Orion, YSI, Insite IG, Endress and Hauser, and Analytical Technologies, Inc.

! E-mail communication from Tom Jenkins, August 4, 2010.
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Figure 4-3. Optical DO Sensor Operation
Source: Analytical Technology, Inc. Brochure Optical Sensor Reduces Maintenance Costs Model for Q45 Optical
Dissolved Oxygen Monitor. Used with permission

The optical DO probe has several advantages over the traditional membrane probe that make it
a good candidate for automated DO control systems. The optical DO probe does not consume
electrolyte and requires less frequent calibration There are no membranes to replace, so maintenance
requirements are low with only the sensor cap requiring replacement approximately once per year (WEF
and ASCE 2006). Accuracy and reliability are also generally greater for the optical DO probe compared
to the membrane probe.

Using optical DO probes instead of traditional membrane probes in automated DO control
systems is not considered an ECM itself; however, a more reliable and easy to use instrument could
pave the way for increased automated DO control installations. For example, Brogdon et al. (2008)
reports on energy savings realized by a Tennessee Valley Authority (TVA) demonstration project to
advance the use of optical DO probes and variable speed drives for automated DO control among small
to medium size utilities. Energy savings associated with the projects ranged from 14 to 40 percent.

Upgrading a system with optical DO probes is often combined with other aeration system
upgrades to ensure reliable operation. For example, the Bartlett Wastewater Treatment Plant #1 in
Tennessee implemented VFD control on one of the two operating rotors in each of the plant’s oxidation
ditches using DO readings from optical probes. Prior to implementing this modification, one rotor in
each ditch was operated at constant full speed and the second rotor in each ditch was manually
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activated during peak flow periods. Following implementation of the ECM, the need to run the second

rotor during peak flow conditions was eliminated. The ECM reduced total plant electrical energy use by
approximately 13 percent and saved the utility more than $9,000 per year. A case study of the Bartlett

ECM project is presented in Appendix A.

4.3.1.2 Advances in DO Control Strategies

Although automated DO control is a significant improvement over manual control, it has some
limitations. It takes time for the DO concentration in the basin to change in response to a change in
organic or ammonia loading (at least a few minutes but it can be much longer). It also takes time for the
process to reach equilibrium after the airflow is increased or decreased. This can cause the valve
position to repeatedly open and close before DO in the basin has stabilized. For example, an increase in
airflow could overshoot the DO target, causing a second manipulation of valve position and airflow rate
to reach the target. Repeated adjustments to find the DO setpoint is commonly referred to as
“hunting.” Operators tune the control system to reduce hunting; however, conservative tuning can
make the system unresponsive to changes within the basin. Tuning is made all the more challenging by
the non-linear relationship between DO concentration and air flow to the basin.

New advances in DO control algorithms attempt to address these issues. Two proprietary ECMs
that are emerging for automated DO control are discussed in this section: integrated air flow control and
automated SRT/DO control. Also provided is a description of the most-open-valve control methodology.
Alternatives to DO-based control are discussed in Section 4.3.2.

Most Open Valve (MOV) Control

The goal of MOV control is to avoid excessive throttling on the discharge side of the blowers
since it is not energy efficient to build pressure and then waste it across throttling valves. The amount
of throttling should be limited to what is required to properly split the air flow. This is accomplished by
ensuring the control butterfly valve serving the zone with the highest oxygen demand is essentially full
open.

MOV is now commonly integrated into new aeration control systems. It may not be cost-
effective as an add-on to an existing control system, but utilities should consider specifying for it when
upgrading blowers or aeration controls.

Integrated Air Flow Control

Integrated Air Flow Control is a proprietary aeration control system that was developed by
ESCOR (Energy Strategies Corporation, now part of Dresser, Inc.) that eliminates the pressure control
loop common in many automatic DO control systems. Particularly in smaller systems, the pressure
control loop can cause instability in the operation of the blowers and control valves (cyclic oscillation, or
hunting) as the control system attempts to adjust air flow and pressure in response to changes in the
process and ambient air conditions.

Full-scale implementation of Integrated Air Flow Control has resulted in better stability and
simplified tuning of the aeration process leading to more efficient blower operation. The Narragansett
Bay (RI) Commission’s Bucklin Point facility implemented an ESCOR aeration control system following an
upgrade of their 46 mgd facility in 2005. As part of the upgrade, the aeration system was reconfigured to
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improve the plant’s Modified Ludzack Ettinger (MLE) process to help meet biological nutrient (nitrogen)
removal goals. The upgraded plant, operating with two of the plant’s three 600 hp blowers (one in
standby/spare status), had difficulty maintaining consistent nitrogen removal primarily due to
inadequate air supply control. Implementation of the ESCOR Integrated Air Flow Control system, unlike
the system’s original pressure-based control system, employs direct flow control of the blowers. As the
DO in the aeration basin varies from setpoint, the required incremental changes in air flow are used to
modify both aeration drop leg air flow and blower air flow. The control system’s MOV logic directly
manipulates basin air flow control valve positions to insure that at least one valve is always at maximum
open position, thereby minimizing system pressure without using a pressure control setpoint (See Figure
4-4). The reduced complexity compared to the pressure control system results in more robust and
accurate control and elimination of the pressure control loop minimizes tuning.
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Figure 4-4 Integrated Air Flow Control System for Automated DO Control
Source: Reproduced courtesy of Dresser, Inc.

Implementation of the Integrated Air Flow Control provided the required DO control to meet
the plant’s total nitrogen discharge requirements and reduced electricity consumption at the facility an
average of approximately 1,247,000 kWh per year (an average reduction of 12%) in the first three years
of operation following commissioning at the end of 2006 (a savings of nearly $136,000). This energy
savings was the result of eliminating the need to constantly run the second of the two plant’s blowers.
A case study presentation of the Bucklin Point aeration system control ECM project is provided in
Appendix A.

Automatic SRT/DO Control

DO and sludge age (SRT) are two of the most important operating parameters in activated
sludge treatment. Although reducing DO in the aeration process effects energy savings (i.e., less DO
lowers the energy consumption of the blowers), it often requires increasing SRT to compensate for the
deterioration in process performance. Increasing the sludge age in an activated sludge process,
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however, can lead to an increase in the sludge settling volume index (SVI), which can increase the plant’s
effluent total suspended solids (TSS).

Ekster Associates has developed a proprietary algorithm (OPTIMaster™), based on activated
sludge modeling, plant historical data, and statistical process control that provides setpoint optimization
for sludge age and DO and automates control of these parameters (through automatic sludge wasting
and blower output adjustment) to optimize aeration. The algorithm selects sludge age and a range of
mixed liquor suspended solids (MLSS) and DO concentrations to maintain the proper SVI at minimum
aeration.

Oxnard, CA implemented the OPTIMaster™ system in 2006 and reported a reduction of
approximately 20 percent in the total plant’s electrical energy use. A case study presentation of the
Oxnard plant’s implementation of the OPTIMaster™ system is provided in Appendix A.

4.3.2 Emerging Technologies Using Control Parameters other than DO

Instead of monitoring and control based on DO concentrations in the aeration basin, another
innovation is to take alternative measurements of biological activity and use this information for process
control. This section describes three emerging ECMs for automated control of the aeration process
using a measurement parameter other than DO: respirometry, critical oxygen point control, and off-gas
monitoring.

Respirometry

Respirometry involves measuring the oxygen uptake rate (OUR) by a biological treatment
culture. In bench-scale respirometry experiments, a sample of mixed liquor representing the biomass in
the aeration basin, possibly amended with an organic substrate or ammonia, is placed in a sealed vessel.
The rate of oxygen consumption within the vessel is monitored over time. A review of the literature
revealed that online control of aeration using respirometry is possible, but has not been successfully
implemented on a full-scale basis.

Online respirometers also require a representative sample of biomass from the aeration basin.
This source is typically a fresh sample from the mixed liquor, the return activated sludge line, or from an
off-line pilot reactor (Love 2000). The sample is contained in a well-mixed batch reactor or flow-through
system. Oxygen consumption is measured over time (either for the liquid phase or a sealed gas phase).
OUR is based on a mass balance on either the liquid phase or both the gas phase and the liquid and gas
phases within the respirometer. It is important that sufficient oxygen be present in the liquid or gas
phase to prevent oxygen limiting conditions (Love 2000). Figure 4-5 provides an example of a flow-
through respirometric cell.
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Figure 4-5. Flow—through Respirometry Cell
Source: Strathkelvin Instruments. Used with permission

Online respirometric control has a theoretical advantage over traditional automated DO control.
Whereas DO is essentially an “after-the-fact” analysis once oxygen needs of the biomass have been met,
OUR as measured by a respirometer is a more direct measure of biomass needs and can be used to
predict oxygen requirements for wastewater as it enters the basin. A study at the James C. Kirie Water
Reclamation Plant in Chicago showed that respirometric control is technically feasible using a feed-
forward control strategy (Tata et al. 2000). On-line respirometers were installed in one aeration basin to
determine OUR. Researchers used plant data and literature values to develop two semi-theoretical
mathematical models to predict aeration rate as a function of average basin OUR. Side-by-side
experiments were conducted to compare the plant’s existing automated DO control strategy to an
experimental control algorithm based on OUR. Reduced airflow based on the OUR control strategy
caused a reduction in effluent quality, leading Tata et al. (2000) to conclude that even though online
respirometric control is technically feasible, more work would be needed to configure an optimal
control system.

Although respirometry has been used widely in the U.S. to determine kinetics of aerobic
biological processes, online respirometric control of aerobic treatment processes is not common. Trillo
et al. (2004) evaluated the use of respirometry and noted the following limitations:

e Most respirometry analytical devices do not provide true, real-time measurements but rely on
cyclic sampling and analysis.

e The devices require high maintenance because they utilize sampling pumps and require
replenishment of chemical reagents.
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e The technique requires conditioning of samples or changes in mixed liquor conditions that may
lead to results that are not representative of actual process conditions.

WEF and ASCE (2006) note that the most appropriate applications may be sequencing batch reactors
and oxidation ditches. More commonly, respirometric measurements have been used to create diurnal
load profiles, which are then used as an input to more common DO control strategies.

In 2002, the International Water Association (IWA) published a report titled “Respirometry in
Control of the Activated Sludge Process: Benchmarking Control Strategies” (Copp et al. 2002). This
report contains an evaluation of current control devices and a protocol for evaluating aeration control
strategies using respirometry. The reader is directed to this report for detailed analysis and
recommendations for online respirometric measurement.

Critical Oxygen Point Control Determination

Critical oxygen point control is a control method based on respirometric measurements. The
theory is as follows: bacteria respire by diffusion of oxygen across their cell wall. Oxygen diffuses from a
high concentration external to the bacterial cell wall to the low concentration internal to the bacterial
cell. Diffusion will only take place once the oxygen concentration differential across the cell wall is
sufficient to drive the oxygen through it. The minimum concentration at which this occurs is called the
critical oxygen point. Below the critical oxygen point, the biodegradation rate will rapidly decrease. At
the critical oxygen point, the biodegradation rate will be at a maximum for the available food source
(i.e., organic compounds and ammonia in the wastewater being treated).

Exceeding the critical oxygen point will not materially affect the biodegradation rate. For
carbonaceous bacteria, this critical oxygen point is very distinct. Accurately knowing the critical oxygen
point for the active biomass allows the optimal DO setpoint to be determined.

Strathkelvin Instruments (Scotland, UK) has developed a proprietary software upgrade to their
Strathtox line of respirometers that, in real time, determines the critical oxygen point of the wastewater
under aeration and utilizes this data to change the DO setpoint to control the optimum delivery of
oxygen in the aeration basins. Additional information is available on the manufacturer’s webpage at
http://www.strathkelvin.com/waste water/applications.asp.

Off-Gas Analysis

Off-gas testing is a standard test for determining in-process oxygen transfer efficiency (OTE)
based on a gas-phase mass balance of oxygen entering the aeration basin and oxygen leaving the basin
at the wastewater surface. It has been historically used for evaluating aeration system performance,
but has recently received attention as a parameter for aeration system control.

A feed-forward, off-gas monitoring and control system was tested successfully at the Grafton
WWTP in Wisconsin (Trillo et al. 2004). The Grafton WWTP treats 1.1 mgd on average using two parallel
aeration basins equipped with fine pore diffusers. Multistage centrifugal blowers provide the airflow to
the system. The off-gas control system consists of a stainless steel hood for collecting a representative
sample of the aeration system off-gas, a sample conditioning and transport system, gas sensors, and
PLC.
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In November 2001, the plant began operating the new off-gas control system in one of its two
aeration basins. Trillo et al. (2004) reported the following advantages of the off-gas control system
compared to operation of the conventional feedback-based DO control system:

e Resulted in smaller variations in basin DO (standard deviation of 0.12 mg/L compared to
0.36 mg/L for feedback-based DO control for typical 6-day performance).

e The effluent DO setpoint was reduced from 2.0 mg/L to 1.75 mg/L.
e Recovery time after power loss was reduced by 50 percent.

The authors did not present a side-by-side comparison of energy use for the two treatment trains, but
postulated that the feed-forward off-gas control could reduce energy use by more than 20 percent
compared to conventional feedback-based DO control systems. See Trillo et al. (2004) for additional
information.

4.4 Innovative and Emerging Control Strategies for Biological Nitrogen Removal

The bacteria responsible for biological nitrification (referred to as “nitrifiers” or nitrifying
bacteria) exhibit significant biological diversity. Many can operate at low DO concentrations, particularly
following alternating anoxic and aerobic environments (Littleton et al. 2009). Thus, relying on
automation of DO alone may not result in the most energy efficient system. Although advanced control
of nitrification using multiple measurement parameters such as ammonia and nitrate and nitrite has
been growing overseas, there are still few full-scale applications in the U.S. Still, several proprietary
control systems are on the market and have been tested at full-scale WWTPs. The two described in this
section are the SymBio process and the Bioprocess Intelligent Optimization System (BIOS).

SymBio®

The SymBio® process by Eimco Water Technologies uses online monitoring of nicotinamide
adenine dinucleotide (NADH) to determine changes in biological demands. Based on the results, airflow
to the basin is controlled to promote simultaneous nitrification-denitrification (SNdN) of wastewater.
SNdN refers to a condition in an activated sludge or biofilm process in which the positive bulk liquid DO
concentration is low enough (typically below 1.0 mg/L) that the DO diffusing into the floc is removed
before it can penetrate the entire floc depth. Thus, nitrification is occurring on the exterior portions of
the floc and denitrification is occurring in the anoxic, interior portion, allowing for total nitrogen
removal.

The monitoring device, the NADH sensor, uses a fluorescence sensor to detect changes in NADH
which in turn provides information on the status of biological wastewater treatment processes.
Weerapperuma and de Silva (2004) report that the NADH sensor requires minimal maintenance and can
provide real-time information for process control (article available at:
http://www.eimcowatertechnologies.com/muniusa/index.php?option=com content&view=article&id=
72&Itemid=146).

The manufacturer claims a 25 to 30 percent energy savings compared to nitrifying plants
without this control technology; however no independent data from full-scale facilities has been
published to verify these claims.
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Bioprocess Intelligent Optimization System (BIOS)

BIOS is a proprietary control algorithm, on-line process simulation program originally developed
by Biochem Technology, Inc. to optimize the operation of a Modified Ludzack-Ettinger (MLE) biological
nitrogen removal process. Since the de-nitrification and nitrification sections of the MLE process are an
integral part of many other biological nutrient removal processes (e.g., 4- and 5- stage Bardenpho and
A0 processes), the BIOS control system can be applied to other processes having the MLE component.

BIOS is a feed-forward optimization that conducts simulation calculations based upon on-line
measurement of temperature, ammonia, nitrate, and influent wastewater flow rate, integrating these
process measurements with laboratory analytical results for mixed liquor suspended solids (MLSS) as
inputs to the algorithm. The BIOS simulation provides a continuous output of DO setpoints for the
biological treatment process according to the load entering the bioreactor. Additionally, the internal
recirculation flow rate (IRQ) from the aerobic zone to the upstream anoxic zone in the MLE process or
multi-zone BNR process is controlled to achieve optimal total nitrogen removal. Using BIOS to control
the biological nitrogen removal process produces low effluent total nitrogen concentration while
minimizing aeration energy consumption.

Specifically, an ammonia analyzer located in the anoxic zone provides the control system with
the ammonia concentration in the aerobic zone influent and a nitrate analyzer located at the end of the
aerobic zones provides the control system with the nitrate concentration in the internal recycle (IRQ)
stream. BIOS conducts iterative biological and hydraulic simulations that predict the nitrification
reaction rates in the aerobic zones and the de-nitrification reaction rates in anoxic zones under different
DO and IRQ. The simulation iterative calculations take into account that the IRQ will dilute the ammonia
concentration in the anoxic zone and decrease one pass hydraulic retention time in both the anoxic zone
and aerobic zones. As a result, the simulation provides optimal DO set points (for controlling/optimizing
aeration rate) and IRQ (for controlling the process recirculation pump rates) in real-time based on the
changing characteristics of the wastewater. See Figure 4-6 for a diagram of the BIOS process.
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Figure 4-6. Representation of the BIOS process
Source: Lui et al. (2005). Provided courtesy of Biochem Technologies, Inc.
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5. Blower and Diffuser Technology for Aeration Systems

Chapter 5 covers:

5.1 Introduction and Comparison of Blower Types

5.2 High-Speed Gearless (Turbo) Blowers

5.3 Single-Stage Centrifugal Blowers with Inlet Guide Vanes
and Variable Diffuser Vanes

5.4 New Diffuser Technology

5.5 Preventing Diffuser Fouling

5.6 References

5.1 Introduction and Comparison of Blower Types

As noted in Chapter 4, the aeration process can account for 25 to as much as 60 percent of total
plant energy use (WEF 2009). This chapter builds on energy conservation measures (ECMs) for aeration
system design and operation presented in Chapter 4 by providing technical information and cost/energy
data for ECMs related to innovative and emerging blowers and diffuser equipment. Note that unlike
other ECMs described in this report, blower and diffuser designs are often unique to manufacturers.
Hence, this chapter contains information on proprietary systems as examples. As noted in the preface,
the mention of trade names, specific vendors, or products does not represent an actual or presumed
endorsement, preference, or acceptance by EPA or the Federal government. The wastewater industry is
constantly evolving and new equipment not identified in this chapter may be available or emerge in the
future. When evaluating new equipment, design engineers and plant owners should work closely with
their state regulatory agency to assess operating principals and potential energy savings.

Blowers are an integral piece of the aeration system. There are many configurations, but all
consist of lobes, impellers, or screws mounted on one or more rotating shafts powered by a motor. As
the shaft turns, the blower pulls in outside air and forces it through distribution pipes into aeration
basins at pressures typically between 5 and 14 pounds per square inch (psi)'. The energy consumption
of blowers is a function of air flow rate, discharge pressure, and equipment efficiency (WEF 2009).
Blower efficiency varies with flow rate, pressure, speed, inlet conditions and actual design.

Blowers can be categorized as either (1) positive displacement blowers, which provide a
constant volume of air at a wide range of discharge pressures, or (2) centrifugal blowers, which provide
a wide range of flow rates over a narrow range of discharge pressure. Centrifugal blowers are either
multi-stage with a sequence of impellers mounted along a single shaft directly connected to a motor
with a flexible coupling, or single-stage with one impeller typically with speed increasing gears or a
variable frequency drive (VFD). Single-stage centrifugal blowers can be conventional integrally geared
blowers or gearless (also known as high speed “turbo”) blowers. Positive displacement or centrifugal
blowers (multi-stage or new high speed turbo blowers) are well suited for small plants. Large plants
more often use multi- or single-stage centrifugal blowers as high speed turbo blowers are not yet
available in capacities suitable for large plants. Table 5-1 lists the types of blowers in each category and
provides information on operation, air flow rates, advantages, and disadvantages.

! Equivalent to psi gauge unless otherwise noted
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Table 5-1 Overview of Blower Types for Aeration of Wastewater

Category Description and Types Typical Air Advantages Disadvantages
Operation Flow
Ranges and
Pressures
Positive Provides fixed volume of Most common | 5—50,000 ¢ Low capital cost, economical at Difficult to operate at variable flow
Displacement | air for every shaft is two counter- | scfm, small scale rates without VFD
revolution. Operates over | rotating shaft 1-14 psig ¢ Can achieve higher output Can be noisy (enclosures are
a wide range of discharge | (rotary) with 2- pressure at same air flow rates commonly used for noise control)
pressures. or 3-lobed « Simple control scheme for Require more maintenance than
impellers on constant flow applications other types
each shaft. Typically least energy efficient
Centrifugal Uses a series of impellers | Number of 500 - 30,000 | e« Can be more energy efficient than Can be less energy efficient than
Multi-Stage with vanes mounted on stages dictates | scfm, positive displacement single-stage centrifugal
rotating shaft (typically discharge 4 — 14 psig, e Lower capital cost compared to Efficiency decreases with turndown.
3,600 rpm). Each pressure can be higher single-stage centrifugal blowers
successive impeller with more e Can be quieter than single stage
increases discharge stages units
pressure. Individual units
operate at narrow range of
discharge pressures at
wide range of flow rates.
Centrifugal Similar to multi-stage but Differences are | 500 — 70,000 | e Can be more energy efficient than More moving parts than multi-stage
Single-Stage uses a single impeller in speed and scfm, multi-stage or positive units. Surge can be more damaging
Integrally operating at high speed type of control | 4 — 24 psig displacement Can be noisy (enclosures are
Geared (typically 10,000 — 14,000 | (e.g., one or ¢ Can maintain good efficiency at commonly used for noise control)
rpm) to provide discharge | two sets of turndown. Higher capital cost compared to
pressure. Uses gearing variable vanes) « Typically come with integral multi-stage or positive displacement
bﬁtvglteen motor and blower control system for surge protection
shatft.
Centrifugal Centrifugal single-stage Magnetic or air | 400 — 10,000 | e Small footprint Typically higher capital cost
Single-Stage | blower uses special low- bearing scfm, e Efficient technology for lower air compared to multi-stage or positive
Gearless friction bearings to support 4 — 35 psig flow capacity ranges displacement blower (although likely
(High-Speed shaft (typically ~ 40,000 (Manufacturer | ¢ Can maintain good efficiency at less expensive than integrally
Turbo) rpm). Uses a single or s are turndown geared)
dual impeller. currently o May come with integrated control Limited experience (new technology)
expanding systems to modulate flow and for | e More units required for larger plants
their_range of surge protection (will change as manufacturers
offerings) e Can be easy to install (place, expand air flow range)
plumb, and plug in)

psi = pounds per square inch; scfm = standard cubic feet per minute. VFD = variable frequency drive; rpom = revolutions per minute
Source: WEF 2009; WEF and ASCE 2010
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Installation costs for blowers depends on a number of factors including atmospheric pressure,
temperature, and humidity of the site location and whether or not units are equipped with various

accessories and controls. Typical cost ranges for a centrifugal multi-stage and turbo blowers as provided

by two blower manufacturers are shown in Table 5-2.

Table 5-2. Manufacturer Cost Ranges for Select Blower Types

Blower Type

Range of Discharge Pressure, Flow, and
Horsepower

Cost Range”

Positive Displacement Rotary
Lobe Blower

8 psi and 8,000 scfm, 380 hp”
15 psi at 5,000 scfm, 400 hp?

Not provided®

Positive Displacement Rotary
screw Compressor

15 psi at 5,000 scfm, 330 hp”

Not provided®

Centrifugal Multi-Stage 8 psi and 7,500 - 30,000 cfm, 600 - 2,500 hp $150k to $250K°
8 psi and 1,000 - 7,500 cfm, 50 - 700 hp $50K to $150K°
8 psi and 100 - 1250 cfm, 3 - 75 hp $35k-$75K°

Centrifugal Single-Stage
Integrally Geared

12 psi and 4,800 — 6,800 cfm, 200 — 700 hp

$350k - $400k®

12 psi and 6,800 — 10,000 cfm, 250 — 1,250 hp

$380k - $450k®

12 psi and 10,000 — 22,100 cfm, 600 — 2,100 hp

$440k - $550k°

12 psi and 22,400 — 33,200 cfm, 900 — 3,500 hp

$490k - $600k®

High Speed Turbo 8 psi and 2,500 - 8,000 cfm, 200-300 hp $120k to $175k°
8 psi and 1,000 - 2,500 cfm, 75 - 150 hp $75k to $120k°
8 psi and 100 - 1,000 cfm, 5 - 50 hp $35k-$75k”
10 psi and 600 - 1,500 cfm, 30 - 75 hp $50k-$90k”

10 psi and 2,000 - 4000 cfm, 100 - 200 hp

$115k-$160k"

10 psi and 5,000 - 8,000 cfm, 250 - 400 hp

$180k-$275k”

10 psi and 10,000 - 15,000 cfm, 500 - 700 hp

$325k-$450"

ABS, Inc. — 330 HP with Automated Control Approximately
System $141,700°
K-Turbo, Inc. — 50 HP with Automated Control Approximately
System $102,000°
K-Turbo, Inc — 50 HP with Multiple DO Probes Approximately
and Integrated Control Systems $56,000’

Notes:

1) Costs are for estimating only - actual equipment cost may vary depending on model, control system, and other specific
requirements. Installation will vary depending on specific project location and site conditions.

2) Information on available models provided by AERZEN USA, 108 Independence Way, Coatesville PA. (contact manufacturer

for cost information at 484-288-6329)
3) Information supplied by HSI, 7901 Hansen, Houston, Texas 77061. Non standard blowers are available in larger sizes
(contact manufacture for details at 713-947-1623)

4) Information supplied by APG-Neuros, Inc., 3200 Cours Le Corbusier, Boisbriand, Quebec, J7JG-3E8, Canada. Non standard

blowers are available in larger sizes (contact manufacture for details at 450-739-0799)
5) Information extracted from the Green Bay, WI, De Pere WWTP case example in Section 5.2. See Appendix A for full case

study details.

6) Information provided by the Mukilteo Water and Wastewater District.

7) Information extracted from the Burlington, VT, WWTP case example. See Section 5.2 for more details.

8) Information supplied by Atlas Copco Compressors, LLC, 134 Wagon Trail Way, Downingtown, PA 19335. Visit
www.atlascopco.com for more details.
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Table 5-3 presents typical ranges of isentropic (nominal) energy efficiency and turndown for
different blower types. Note that there is significant variation from small to large blowers of any type;
the values presented are general rules of thumb and may vary with the application.

Table 5-3 Typical Blower Efficiencies

Blower Type Nominal Blower Nominal Turndown
Efficiency (percent) (percent of rated flow)

Positive Displacement (variable speed) 45 - 65 50
Multi-Stage Centrifugal (inlet throttled) 50-70 60
Multi-Stage Centrifugal (variable speed) 60 -70 50
Single-Stage Centrifugal, Integrally Geared 70-80 45
(with inlet guide vanes and variable diffuser
vanes)
Single-Stage Centrifugal, Gearless (High- 70-80 50
Speed Turbo)

Note: values may vary with the application.
Source: Adapted from Gass, J.V. (Black & Veatch) 2009. Used with permission.

Controlling positive displacement blowers is typically done by varying blower speed with a
variable frequency drive (VFD) or use of multiple blowers operating in parallel. Throttling air flow
through the machine is not possible for this type of blower. Multi-stage centrifugal blowers can be
controlled through a variety of techniques, the most efficient being VFDs followed by suction air flow
throttling using inlet butterfly valves. WEF (2009) reports that VFD operation of multi-stage centrifugal
blowers is 15 to 20 percent more efficient than throttling.

This chapter identifies several innovative and emerging ECMs related to blower and diffuser
equipment:

e Turbo blowers are a significant area of innovation in blower design offering energy savings
for the wastewater industry. They emerged in the North American market around 2007 and
have been or are being tested and installed at many plants. Section 5.2 provides detailed
information on turbo blower technology as an innovative ECM, including full-scale plant
data from the literature and case studies.

e Single-stage centrifugal integrally geared blowers are controlled using inlet guide vanes and
variable diffuser vanes. This control technique has the advantages of managing air flow and
pressure independently. See Section 5.3 for discussion of new single-stage centrifugal
blower technology.

e Where fine bubble diffusers were once considered the standard for energy efficiency, new
materials and configurations capable of producing “ultra-fine” bubbles (1 mm or less) are
now available. See Section 5.4 for a discussion of emerging diffuser ECMs.

e Technological advances are also progressing in the area of diffuser cleaning. See Section 5.5
for recommendations for preventing diffuser fouling.
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A very new technology is the rotary screw compressor. The technology was released to the U.S.
Market in the summer of 2010. The manufacturers claim significant energy savings of up to 50 percent
compared to rotary lobe blower technology. Units are being manufactured by Atlas Copco, AERZEN,
Inc., and Dresser Roots. Because information has only been available for a short while, it was not
possible to conduct a complete evaluation of the technology by industry experts prior to the publication
of this report. For information on the rotary screw compressor technology, the reader is referred to the
manufacturer’s website http://www.efficiencyblowers.com/efficiencyblowersus/,
http://www.rootsblower.com/ and https://info.aerzenusa.com.

5.2 High-Speed Gearless (Turbo) Blowers

High-Speed Gearless, or “Turbo,” blowers use advanced bearing design to operate at higher
speeds (upwards of 40,000 revolutions per minute [rpm]) with less energy input compared to multi-
stage and positive displacement blowers. Some turbo blowers come in package systems with integrated
VFDs and automated control systems to optimize energy efficiency at turndown.

Turbo blowers are available in two primary configurations based on the manufacturer: (1) air
bearing or (2) magnetic bearing. In an air bearing turbo blower, an air film is formed between the
impeller shaft and its bearings as the shaft rotates at high speed, achieving “friction free” floating of the
shaft. Air bearing technology is offered by several manufacturers including K-Turbo, Neuros, Turblex,
and HSI. In a magnetic bearing design, the impeller shaft is magnetically levitated to provide friction
free floating of the shaft. Turbo blowers featuring magnetic bearing design are offered by ABS Group,
Atlas Copco, and Piller TSC. A magnetic bearing high speed turbo blower is also being developed by
Dresser Roots. Figures 5-1 and 5-2 show features of a common air bearing and magnetic bearing unit,
respectively. The friction free bearing design coupled with high efficiency motors contributes to the
comparative high energy efficiency of the turbo blower technology.
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Impeller

Highly advanced computational fluid dynamics
Programming allows for performance design
To truly offer an advancement in efficiency

Bearings

AirBearings

+ Individually layered bearings are assembled in the housing support shaft

+ As the shaft rotates at high speed, an air filmis formed between the shaft and the bearings, which achieves friction

free floating without the use of lubricants
* No additional cooling required

+ Suitable for high speed; bearing load capability increases with higher RPM

Figure 5-1. Example of High-Speed Turbo Blower with Air Bearings (HSI). Used with permission.

Figure 5-2. Example of High-Speed Turbo Blower with Magnetic Bearings (Atlas Copco) Used with permission.

+ Highly efficient and reliable motor design
= Specifically designed for high speed service
* Designed for high heat environments
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Turbo blowers have many practical advantages (Gass 2009; Jones and Burgess 2009):

e Typically 10 to 20 percent more energy efficient than conventional multi-stage centrifugal or
positive displacement equipment for their current size range based on manufacturers’ data.
Good turndown capacity (up to 50 percent) with little drop in efficiency. It is important to
note that efficiencies of turbo blowers at turndown are not yet well documented because
the technology is so new.

e Some include a dynamic control package with integrated variable speed drive, sensors, and
controls that automatically adjust blower output based on real-time dissolved oxygen (DO)
demand in the aeration basin.

o Small footprint and lightweight.
e Quiet, low vibration. Sound enclosures are standard equipment.
e Few moving parts, low maintenance requirements.

Disadvantages of the turbo blower are that it is a new technology with relatively few installations,
capital costs tend to be higher compared to other blower types, and multiple units may be needed for
larger installations. Moreover, testing methods are not consistent among different manufacturers and
some efficiency claims are not yet well documented.

A detailed literature review and input from industry experts identified seven manufacturers of
turbo blowers in the North American wastewater market. Table 5-4 provides a link for each
manufacturer’s home page, capacity of available modes, and example installations (if available).

Because turbo blowers are relatively new to the U.S. market, full-scale operating data are
limited. However, detailed cost and operating data have been collected for this report as part of two
facility case studies: (1) Green Bay Metropolitan Sewerage District De Pere WWTP installation of six ABS
magnetic bearing turbo blowers, and (2) The Big Gulch WWTP in Mukilteo, WA installation of three air
bearing turbo blowers by K-Turbo. A summary of the case studies follows Table 5-4. Technical
information and performance data from an installation in Burlington, Vermont follow the case study
summaries.
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Table 5-4. Examples of Turbo Blower Manufacturers in the North American Market*

Manufacturer Manufacturer Origin of Bearing | Operating Ranges Available Example Installations®
Web Site Manufacture® Type
Neuros http://www.apg- Korea (marketed from Air o Flow rates up to 4,500 scfm e Franklin, NH
neuros.com/ Canada). Substantial « Discharge pressures to 35 psig |  Manufacturer claims 108
transformation - ¢ Motor hp from 30 to 300 installations in North America
manufacturing in US.
K-Turbo http://www.kturbo.c | Korea (marketed from Air e Flow rates up to 4,700 cfm for o First test model began
om/english/main.ht | Canada). Substantial single impeller, 11,600 cfm for operation in Oregon in April
ml transformation - twin impeller 2008
manufacturing in US. ¢ Discharge pressures to 21 psig | e Burlington North Plant in
for single impeller, 28.5 for twin Vermont *
impeller ¢ Big Gulch Wastewater
e Motor hp from 25 to 600 Treatment Plant, Mukilteo,
WA °
e Delphos, OH (to be
commissioned in 2010)
Houston http://www.hsiblow | Korea (assembled in Air ¢ Flow rates up to 10,000 scfm e Essex Junction, VT (to be
Services, Inc. ers.com/ USA) e Discharge pressures to 25 psig commissioned in 2010)
(HSI) » Motor hp from 5 to 300
ABS http://www.absgrou | Germany (marketed Magnetic o Flow rates up to 10,200 scfm o Green Bay Metropolitan
p.com/ from UK) « Discharge pressures between Sewerage District De Pere
5.8 and 12.4 psig WWTP
o Motor hp from 400 to 540 o City of Livermore, CA
Atlas Copco http://www.atlascop | Belgium Magnetic e Flow rates up to 3,400 scfm None identified
co.us/usus/ ¢ Discharge pressures to 22 psig
¢ Motor hp from 135 to 215 (100
to 160 kW)
Piller TSC http://www.piller- Germany Magnetic e Flow rates up to 7,000 cfm e Nashua, NH
tsc.com/index.php? ¢ Discharge pressure to 17 psig
id=20  Motor hp to 400 hp
Dresser Roots http://rootsblower.c | USA Magnetic e Flow to 10,000 scfm None identified

om/

Discharge pressure to 15 psig

vk wnN e

Appendix A for detailed case study results.

Based on information provided on manufacturer’s website as of February 25, 2010. Other manufacturers may be available.

Information on substantial transformation is based on results of Buy American waiver applications for the American Reinvestment and Recovery Act
Based on literature review and input from technical expert panel and peer reviewers

Performance data provided in this section
One of nine facility case studies presented in this report. Performance data are summarized in this section. See Chapter 8 for a summary of all case studies and
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Green Bay, WI, De Pere WWTP (Case Study No. 1)

The Green Bay (Wisconsin) Metropolitan Sewerage District’s (GBMSD) De Pere WWTP is a 14
million gallon per day (mgd) two-stage activated sludge plant with biological phosphorus removal and
tertiary effluent filtration. When their existing multi-stage centrifugal blowers reached the end of their
useful life, the District decided to replace the five existing multi-stage units with magnetic bearing turbo
blowers. Six ABS, Inc. HST 330 hp magnetic bearing turbo blowers were installed in October 2004 at a
total capital cost” of $850,000. The turbo blower project (along with automated controls) saved the
plant more than 2 million kWh per year (a 50 % savings) and $63,758 per year in electrical energy costs.
The project had a simple payback of approximately 13 years. In addition to the energy savings, the new
blowers require significantly less maintenance.

For more information, see the Case Study Summary in Chapter 8 and the detailed facility
assessment including schematics, influent and effluent data, and energy and cost data in Appendix A.

Big Gulch WWTP in Mukilteo, WA (Case Study No. 3)

The Big Gulch WWTP, owned and operated by the Mukilteo Water and Wastewater District, is a
2.6 mgd oxidation ditch plant operating two parallel oxidation ditches. To address increases in BOD and
TSS loadings, the oxidation ditch aeration system has been upgraded as follows:

e The existing mechanical brush (rotor) aeration systems in each ditch were replaced with
Sanitaire fine bubble diffusers and air bearing turbo blowers (three blowers total).

e DO probes with a PLC based control system were installed to automate blower operation.

e A dNOx Anoxic control system was installed to detect the nitrate knee, which is defined as the
point in the nitrogen conversion process where complete denitrification has occurred (i.e., NOs
has been converted to N,). With the dNOx control system, the blowers are allowed to go idle as
loading increases and automatically switch on when the nitrate knee is detected.

The aeration systems were replaced sequentially with the first ditch (Ditch A) being upgraded in 2008
and second (Ditch B) in 2010.

The total capital and installation cost of the Ditch A upgrade including removal of one rotor
aerator and implementation of one turbo blower, diffusers, air piping, probes, and controls was
$487,066. The Big Gulch WWTP received a $39,191 grant from its electric utility to offset the cost of the
project resulting in a total cost for the Ditch A upgrade of $447,875 dollars. The total capital and
installation cost of the Ditch B upgrade including removal of four rotor aerators and installation of two
turbo blowers, diffusers, air piping, probes, controls and a blower building was $1,045,023. The Big
Gulch WWTP received a $46,594 grant from its electric utility to offset the cost of the project resulting in
a total cost for the Ditch B upgrade of $998,429.

® The blower replacement project was implemented as part of a larger $2 million plant infrastructure project.
Installation costs related exclusively to the blower implementation are not available. See Appendix A for more
information.
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The energy savings from the Ditch A aeration system upgrade was 143,940 kWh based on
comparison of energy use in 2009 to average energy use from 2004 through 2008. At the electricity rate
of $0.070 / kWh (in 2009), the resultant electricity cost savings was $10,076. The energy savings from
the combined Ditch A/Ditch B aeration system upgrade was 148,900 kWh for 2010 compared to average
energy use from 2004 through 2008. At the electricity rate of $0.072 / kWh (in 2010), of the resultant
electricity cost savings was $10,721. The simple payback for the entire construction cost of the project
(51,446,304) is more than 135 years.

While the aeration system upgrade project does not meet the case study selection criteria for a
reasonable payback period described in Chapter 1, the project case study is a good example of energy
savings derived as a collateral benefit from a major plant upgrade and expansion. The primary driver of
this project was to increase the plant’s capacity to restore permit compliance. Reducing energy
consumption was a secondary consideration. Replacement of the existing mechanical brush aerators in
the oxidation basins with new fine bubble diffusers and turbo blowers did, however, result in overall
energy savings at the facility while accommodating a nearly 40 percent increase in the plant’s organic
loading.

If an alternative payback analysis is considered that accounts for the 40 percent increase in the
plant’s organic loading during the construction and commissioning of the Ditch A and Ditch B upgrades,
the project shows a significantly lower payback of 33 years. In the year following commissioning of the
total project (2010), the plant removed approximately 34 percent more Carbonaceous Biological Oxygen
Demand (CBOD) compared to the period 2004 through 2008 (prior to the implementation of the
oxidation ditch upgrades) while consuming less electrical power (an average of 1.59 kWh/lb CBOD
during the period 2004 through 2008 compared to an estimated 1.06kWh/lb CBOD in 2010). This
translates to a savings in electricity cost of $0.037 per pound of CBOD removed and an estimated
$43,756 for 2010 (a 33 year payback for the total project cost of $1,446,304).

In addition to improved treatment at lower electric consumption, the Big Gulch WWTP
experienced other benefits from the aeration system improvements. Labor and maintenance costs
decreased because diffusers do not require the level of maintenance required for the mechanical brush
system. The rotor aerators had created aerosol deposits on the railings and equipment which no longer
need to be cleaned with the diffused air system. Chlorine use following the diffused air system is lower
due to improved settling, and the WWTP has eliminated the use of lubrication grease for the aerators.
For more information, see the Case Study Summary in Chapter 8 and the detailed facility assessment
including schematics, influent and effluent data, and energy and cost data in Appendix A.

Burlington, VT

The Burlington Main Wastewater Treatment Plant, located on the eastern shore of Lake
Champlain in Vermont, has a design flow of two mgd but routinely treats approximately one mgd. The
original aeration system was powered by three 75 hp multi-stage centrifugal blowers. The local electric
utility tested one of the blowers and found a relatively consistent power draw of approximately 53 kW.
In July of 2009, the City replaced one existing 75 hp blower with a 50 hp K-Turbo blower and a new
luminescent DO probe for automated control. The installed cost for the blower was approximately
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$56,000. The City was able to obtain a rebate from the local electric company for $21,000, making the
total project cost only $35,000°.

The new blower has easily met the plant’s target DO concentration of 2.5 milligrams per liter
(mg/L) with no operational problems. The Chief Operator reported that the new blower draws between
30 and 70 percent less energy than the original blower. See Figure 5-3 for a comparison of
instantaneous power readings for the new 50 hp turbo blower and power requirements for the replaced
75 hp multi-stage centrifugal blower. Based on operation to date, the estimated total annual energy
savings of the new K-Turbo blower is 250,000 kWh®. This translates to a cost savings of approximately
$34,500 per year based on an average electricity rate of $0.13/kWh and a simple payback of less than 1
year.

60

50

Metered Electricity Use of 75 HP
Multi-Stage Centrifugal Blower
(Average Based on Measured Data)

M Instantaneous
Power Draw for 50
HP Kturbo Blower

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour (January 25, 2010)

Figure 5-3. Comparison of Power Draw for Old and New Blower at Burlington, VT
Source: Data provided by Tim Grover, Chief Operator for the Main and North Plants, Burlington Department of Public Works,
Burlington, VT on March 1, 2010.

* E-mail communication with Tim Grover, Chief Operator, City of Burlington Department of Public Works. March 1
and March 4, 2010
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5.3 Single-Stage Centrifugal Blowers with Inlet Guide Vanes and Variable Diffuser Vanes

Single-stage centrifugal blowers equipped with inlet guide vanes pre-rotate the intake air before
it enters the high speed blower impellers. This reduces flow more efficiently than throttling. Blowers
that are also equipped with variable outlet vane diffusers have improved control of the output air
volume. Utilizing inlet guide vane and discharge diffusers on a single-stage centrifugal blower makes it
possible to operate the blower at its highest efficiency point, not only at the design condition but also
within a greater range outside of the design condition. PLC control can be used to optimize inlet guide
vane operation (i.e., positioning) based on ambient temperature, differential pressure, and machine
capacity. Automated DO and variable header pressure control can increase efficiency. See Figures 5-4
and 5-5 for example blower configurations and see Figure 5-6 for a picture of the variable outline vane
diffusers.

Figure 5-4. Example of Single-Stag:e Céntrifugal Blower with Inlet Guide Vanes and Variable Diffuser Vanes by
Turblex®. Used with permission.
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Figure 5-5. Example of Single-Stage Centrifugal Blower with Inlet Guide Vanes and Variable Diffuser Vanes by Dresser
Roots
Source: Dresser, Inc. June 28 2010. Used with permission.

Figure 5-6. Variable Outlet Vane Diffuser from Turblex®. Used with permission.

Single-stage blowers with inlet guide vanes and variable diffuser vanes are currently available
from the following manufacturers: Turblex (owned by Siemens), Dresser Roots, Atlas Copco, and
Howden. Prior to Turblex, single-stage installations were few, largely because there were not many
manufacturers of this technology (most of the Dresser Roots blowers were previously designed for
industrial application).

Although most installations of single-stage blowers with inlet guide vanes and variable diffuser
vanes are relatively new compared to positive displacement and multi-stage blower installations, some
full scale operating data are available. The following is a summary of available data for three full-scale
installations: Oneida, NY; Cape Coral, FL; and Sheboygan, WI, the latter of which is also the subject of a
detailed facility assessment in Appendix A to this report. Other wastewater utilities that have installed
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or are planning to install single-stage centrifugal blowers include the City of Rome, NY WWTP (funded
under a performance contract with Johnson Controls), and the City of Conroe, TX WWTP.

City of Oneida, NY

The City of Oneida, located in the geographic center of New York State, operates a 2.5 mgd two-
stage conventional activated sludge WWTP. The city has faced many compliance challenges due to high
wet weather flows, high intermittent BOD loadings from nearby dairy processing plants, regional
growth, and high energy prices. In response to these challenges, the city developed a sustainability
model that began with an energy audit, completed in 2005, to identify energy efficiency measures and a
phased approach to address a long list of projects to improve energy efficiency as well as treatment
capacity and effluent water quality. Phase 1B of the project was to install new energy efficient aeration
equipment to replace existing 20-year old multi-stage centrifugal blowers along with replacement of
coarse bubble diffusers with fine bubble diffusers.

The city considered several blower and diffuser choices, basing final selection on a 10-year life
cycle cost analysis. They considered ceramic disk, two tube membranes, and strip membrane diffusers.
While the strip membrane diffusers had the second highest capital costs, they had the lowest net
present value costs and were selected for full-scale installation. The city considered five types of
blowers: three multi-stage centrifugal blowers, one positive displacement blower, and the Turblex
single stage centrifugal blower. Table 5-5 summarizes the City’s capital cost analysis of the blowers.

Table 5-5. Net Present Worth of Blower Selections for the City of Oneida (2003$) *

Equipment Equipment | Annual Energy | Net Present Number of Units and
Manufacturer (Type) Capital Cost Costs Value Horsepower, Air Capacity
for Each
Continental Blower $118,000 $93,800 $1.16M 3 operating/1 standby, 100
(multistage centrifugal) hp/unit, 1200 scfm/unit
HSI (multistage centrifugal) $159,600 $98,900 $1.26M 3 operating/1 standby, 100
hp/unit, 1200 scfm/unit

Gardner Denver (multistage $158,000 $104,000 $1.31M 3 operating/1 standby, 100
centrifugal) hp/unit, 1200 scfm/unit
Turblex (single-stage $423,750 $58,000 $1.07M 2 operating/1 standby, 100
centrifugal) hp/unit, 2250 scfm/unit
Roots (positive $104,800 $97,200 $1.19M 3 operating/1 standby, 75 hp/unit,
displacement) 1200 scfm/unit

Notes:
1) Assumed 10-year life span, 4% inflation, $0.12/kWh
Source: Greene and Ramer (2007), used with permission of Mark Greene.

Although the Turblex blower’s capital cost was nearly three times that of the multi-stage
centrifugal unit and four times the capital cost of the positive displacement blower, the net present
value was the lowest due to the reduction (approximately 40 percent or more) in yearly energy cost
compared to the other blower models. Greene and Ramer (2007) cited turndown rates of 40 percent of
the maximum capacity for the Turblex blower without significant reduction in operating efficiency for
5,000 to 7,000 rpm units.
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The new blowers and aerators became operational in April 2006. The City of Oneida initially
realized a 49 percent reduction in total plant electrical costs following the installation and start-up of the
new Turblex blowers and fine bubble diffusers. The City was unable to differentiate the energy savings
of the Turblex blowers from the energy savings of switching from coarse bubble to fine bubble diffusers
since both changes were made simultaneously. Note that since 2006, the city has reportedly
experienced operational problems (plugging) of strip diffusers and is replacing them (Greene and Ramer
2007).

Cape Coral, FL

The Everest Parkway Water Reclamation Facility in Cape Coral, FL, has been expanding and
upgrading operations to keep pace with the city’s growing population. The plant recently expanded
from a 4-stage biological nutrient removal system to a 5-stage modified Bardenpho system, increased its
capacity from 8.5 mgd to 13.4 mgd, and upgraded and automated its aeration system. As part of this
expansion, the City replaced an older multi-stage centrifugal blower with a single stage 300-hp Turblex
blower. The single-stage blower came on-line in June of 2008 for two of the City’s new aeration basins.
The old blower had an annual electricity cost of approximately $96,500 per year, compared to an
expected annual energy cost of $69,700 per year for the Turblex blower, a 28 percent savings. Limited
side by side testing revealed even higher savings. In a 24-hour period, the multi-stage blower consumed
5,089 kWh. The Turblex blower used 2,928 kWh in the same time frame, a 42 percent savings.

For more information, see the article by Doug Day in the March 2010 issue of Treatment Plant
Operators magazine, available online at http://www.tpomag.com/editorial/view/2604/In-Control (Day
2010).

City of Sheboygan, WI (Case Study No. 2)

The Sheboygan Regional Wastewater Treatment Plant is an 18 mgd activated sludge plant with
biological phosphorus removal. The plant had been running four 250 hp positive displacement blowers
for the aeration basins. Faced with the need to rebuild existing blowers, plant managers decided to
replace them with two, 350 hp high efficiency motor Turblex centrifugal blowers equipped with inlet
guide vanes and variable diffuser vanes. The capital cost was approximately $504,000 with an
installation cost of approximately $286,000. The plant received a $17,000 energy efficiency grant to
help offset costs, bringing the total costs (capital plus installation minus the grant) to $773,000.

Following commissioning of the Turblex blowers, the plant operators experienced difficulty
controlling DO in the individual aeration basins. DO levels reached 6 mg/L during evening hours
especially in winter months. To correct this problem, air flow control valves were installed on the
headers to each aeration basin along with a programmable logic controller (PLC) for automated control.
The capital cost of the control valve upgrade was approximately $60,000 with an installation cost of
approximately $68,000 for a total cost (capital plus installation) of $128,000.

Measured energy savings from the Turblex blowers was initially low due to DO control
problems. Based on data provided by the Sheboygan WWTP, the average annual energy savings from
2006 through 2008 from the new blowers was 358,000 kWhr/yr (a 13% reduction) with an associated
average cost savings of $25,644. The total annual energy savings in 2009 following the installation of air
flow control valves and automated control was approximately 817,000 kWh/yr (a 30% reduction) with
an associated cost savings of approximately $64,000. If the two projects are taken as a whole, the
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payback period for the project is 14 years. Although the plant had delayed installing the air control
valves because of cost issues, the absence of control valves limited the ability of the new blowers to
achieve their full potential in energy savings.

For more information, see the Case Study Summary in Chapter 8 and the detailed facility
assessment including schematics, influent and effluent data, and energy and cost data in Appendix A.

5.4 New Diffuser Technology

The development of fine bubble diffuser technology in the 1970s led to significant reductions in
aeration energy consumption over mechanical and coarse bubble aeration due to the increased oxygen
transfer rates afforded by the high surface area of the fine bubbles. Focus on Energy (2006) estimates
that using fine bubble diffusion can reduce aeration energy from 25 to as high as 75 percent. Estimated
energy savings of 30 to 40 percent are common (USEPA 1999; Cantwell et. al 2009).

There are many different types of fine bubble diffusers available including ceramic/porous
plates, tubular membranes, ceramic disks, ceramic domes, and elastomeric membrane disks, each with
distinct advantages and disadvantages. In general, most diffusers are one of two types: (1) rigid ceramic
material configured in discs or (2) perforated membrane material. Ceramic media diffusers have been in
use for many years and are considered the standard against which new, innovative media are compared.
Membrane diffusers consist of a flexible material with perforated pores through which air is released.
Most often configured in tubes, discs or panels, they comprise the majority of new and retrofit
installations.

Fine bubble aeration has been implemented at many WWTPs and is considered a common
conventional ECM. The focus of this section is ECMs related to new diffuser equipment that can achieve
enhanced energy reduction over fine bubble technology. Note that ECMs related to the configuration of
diffusers within a basin are presented in Chapter 4 of this report.

Recent advances in membrane materials have led to ultra-fine bubble diffusers, which generate
bubbles with an average diameter between 0.2 and 1.0 mm. The primary appeal of ultra-fine bubble
diffusion is improved oxygen transfer efficiency (OTE). Additionally, some composite materials used in
the manufacture of ultra-fine bubble diffusers are claimed to be more resistant to fouling, which serves
to maintain the OTE and reduce the frequency of cleaning. Concerns about ultra-fine bubble diffusion
include slow rise rates and the potential for inadequate mixing. Two proprietary ultra-fine bubble
diffuser designs, panel diffusers by Parkson and Aerostrip® diffusers by the Aerostrip Corporation, are
discussed below.

Panel diffusers are membrane type diffusers built onto a rectangular panel (see Figure 5-7).
They are designed to cover large areas of the basin floor and lay close to the floor. Panel diffusers are
constructed of polyurethane and generate a bubble with a diameter of about one mm. OTE is a function
of floor diffuser coverage, which translates to improved efficiency for panel diffusers. The advantages of
panel diffusers include the increased OTE and the even distribution of aeration. Disadvantages include a
higher capital cost, a higher head loss across the diffuser, increased air filtration requirements, and a
tendency to tear when over-pressurized.
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Figure 5-7: Ultra-fine Pore Membrane Aeration Panel
Source: Parkson. Used with Permission

AeroStrip® is a proprietary diffuser design manufactured in Austria by Aquaconsult